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FOREWORD 

In its article 3, MME Ordinance No. 67, of March 1, 2018 determines that the distribution 

agents of Isolated Systems must once a year submit for approval by the Ministry, through 

the EPE, the supply planning to their consumer markets for five-year term. 

According to the analysis of information provided by the Distribution Company in 2021, a 

generation deficit from 2024 was identified by the EPE for Fernando de Noronha, due to 

the increase in load. Part of this growth is due to the enactment of State Law No. 

16,810/2020, which prohibits the circulation of internal combustion cars on the island as of 

2022, with a full ban as of 2030, which implies a change of the island's fleet to electric 

vehicles. 

Currently, power generation on the island is carried out by UTE Tubarão, which uses diesel 

as fuel; that is why supply alternatives should be looked for in order to avoid dispatching a 

diesel plant to supply electric vehicles in Fernando de Noronha, because it would be 

incoherent. 

Toward that, EPE launched a study to assess the energy resources that can be used to 

meet the island's demand, seeking to identify those that present technical feasibility for 

generating energy in Fernando de Noronha to fully or partially replace the diesel, against 

the background of the environmental issue, a factor that should not be ignored for the 

Fernando de Noronha Archipelago. 
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1. INTRODUCTION 

The Fernando de Noronha Archipelago includes 21 islands, islets and rocks totaling 26 km² 

in length; it is 360 km from Natal (RN) and 545 km from Recife (PE). The main island, the 

only inhabited one, has an extension of 17 km², and has all socioeconomic activities focused 

there (Iphan, 2014). Currently, Fernando de Noronha is a State District administered by 

Pernambuco, with an estimated population of 3,140 inhabitants in 2021, according to IBGE1. 

In addition to the beaches, bays and a very rich natural landscape, Fernando de Noronha 

was declared a World Natural Heritage Site by the United Nations Educational, Scientific 

and Cultural Organization (UNESCO). Currently, the Chico Mendes Institute for Biodiversity 

Conservancy (ICMBio) is charged with the administration of Fernando de Noronha National 

Marine Park (PARNAMAR).  

Due to its distance from the coast, Fernando de Noronha is part of the Isolated Systems, 

with power supply provided mainly by a diesel fuel thermoelectric plant (EPE, 2021a), which 

diverges from its standing as a Natural Heritage. 

In order to seek alternatives for the island's energy supply, this study proposes to look into 

the energy resources available for energy generation in Fernando de Noronha, as well as 

to assess other ways of meeting the load, to reduce its dependence on diesel fuel. 

Therefore, it was necessary to learn about the studies that have already been carried out 

in this regard, the measures already implemented by the distribution company and the 

legislation in force for the island. 

 

 

 

 

 

                                                 
1 Available at: https://www.ibge.gov.br/cidades-e-estados/pe/fernando-de-noronha.html. Access 
on October 25, 2021. 

https://www.ibge.gov.br/cidades-e-estados/pe/fernando-de-noronha.html
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2. RESEARCH, R&D ACTIONS and LEGISLATION 

The search for alternatives for energy supply to Fernando de Noronha has already been the 

subject of previous efforts, research and development (R&D) projects and other initiatives 

implemented on the island by various institutions. In addition, the archipelago's 

characteristics contributed to the issuance of specific legislation to address its needs and 

ensure environmental preservation. 

SILVEIRA (2013) studied the feasibility of replacing the thermal energy on the island of 

Fernando de Noronha with energy from renewable sources and assessed the impact of the 

increase in energy demand caused by the replacement of the existing car fleet on the island 

by a fleet of electric vehicles. Several hybrid systems were simulated with diesel 

thermoelectric plants, photovoltaic plants, wind turbines and batteries; the study obtained 

as a result that the best solution is a mix with 67% of the energy coming from renewable 

sources. 

The work of Renewables 100 Policy Institute (2017), in turn, aimed to create an initial action 

plan to present innovative clean technology solutions and transform the island into a model 

of transition to a 100% renewable energy, carbon neutral system across all sectors. 

WWF-BRASIL (2020) shows alternatives for the implementation of electric vehicles on the 

island to reduce the emission of pollutants to zero. The study presented paths for that 

transformation, and among the listed alternatives are the implementation of wind towers, 

the expansion of photovoltaic plants and the replacement of diesel with biodiesel to power 

the thermoelectric plant. 

2.1. R&D Projects 

2.1.1. Smart Power Grids 

In order to develop and implement the Smart Grid concept in Fernando de Noronha between 

2012 and 2017, the smart power grid project was implemented on the island by CELPE, the 

distribution company responsible for supplying Fernando de Noronha. According to CELPE 

(2019), smart metering systems were installed in 816 consumer units; improvements made 

to the telecommunications grid with the installation, for example, of optical fiber; 

automation of the power grid, etc.  
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2.1.2. Smart Energy Storage System - SIAE 

As part of meeting ANEEL's Call for Tenders No. 021/2016, the project aimed to develop a 

methodology for optimizing distributed energy resources, with a view at sustainability and 

reliability in isolated networks, by integrating photovoltaic generation, diesel and battery 

storage. 

The SIAE project macrostructure consisted of the development of a pilot plant, composed 

of two battery storage systems technologies, see item 6.9, and the development of a PCS 

(Power Control System), including: the development of a converter; installation of a 

supervisory system; assessment of storage behavior in lithium ion batteries, with the 

analysis of adjustments for the variation between diesel and solar generation to reduce 

specific consumption. 

2.1.3. Electric Mobility 

As part of meeting ANEEL's Call for Tender No. 022/2018, the project aimed to develop 

solutions and business models based on the use of electric vehicles in tourism activities, 

public service and local administration operations, as well as prepare proposals for 

regulatory improvements (CELPE, 2019).  

The project was responsible for installing the charging station of the Fernando de Noronha 

administration facility in the first half of 2021, with capacity to charge up to 6 vehicles 

simultaneously. The system includes 100 kWp photovoltaic panels and a 100kW/200kWh 

battery storage system. 

2.1.4. Energy Efficiency Actions 

As informed by CELPE in the context of the 2021’s isolated systems supply planning, the 

island has 1,082 consumer units, 679 which are residential and 278 which are commercial 

ones, which together account for about 87% of annual energy consumption. 

Over the years, the distribution company has implemented energy efficiency actions in order 

to delay the need to expand the installed capacity on the island: in 2009, boilers with solar 

heating were deployed in 17 inns in place of electric showers; in 2012, light bulbs in public 

buildings were replaced for more efficient ones; from 2016 onwards, educational projects 

were adopted in an area open to the public with classes on energy; and in 2021, the public 

lighting system was retrofitted 
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Taking into account the demand growth forecast by the distribution company, see item 4, 

it is important that new energy efficiency actions are designed for the island together with 

new forms of supply, in order to ensure the safety of electricity supply to Fernando de 

Noronha for the upcoming years. 

In this regard, it is worth noting that, as a result of the work group that studied alternatives 

for diesel generation in Boa Vista – RR, ANEEL launched Auction No. 04/2020, called Energy 

Efficiency Auction, the object of Public Consultation No. 47/20192. It is understood that a 

similar alternative can be assessed for Fernando de Noronha. 

2.2. Specific Legislations 

In addition to the general regulations that apply to all isolated systems3, in the case of 

Fernando de Noronha, it is necessary to consider some state laws and district decrees, 

identified below, followed by comments on their impact on energy planning. 

2.2.1. ICMS (Brazilian VAT) on Diesel fuel 

Law No. 15,616, of October 8, 20154, reduces the ICMS tax base on operations with diesel 

fueldestined for the thermoelectric power plant in the state of Pernambuco. 

Since the diesel plant is the main form of power generation on the island, it is understood 

that this mechanism contributes to reducing the generation cost. On the other hand, if there 

is competition between sources, such stimulus can lead to a competitive advantage of diesel 

generation compared to other solutions. 

                                                 
2 Available at https://www.aneel.gov.br/consultas-

publicas?p_auth=626lTWz2&p_p_id=participacaopublica_WAR_participacaopublicaportlet&p_p_life

cycle=1&p_p_state=normal&p_p_mode=view&p_p_col_id=column-
2&p_p_col_pos=1&p_p_col_count=2&_participacaopublica_WAR_participacaopublicaportlet_idePar

ticipacaoPublica=3394&_participacaopublica_WAR_participacaopublicaportlet_javax.portlet.action=
visualizarParticipacaoPublica. Access on November 04, 2021. 
3 Law  No. 12,111, of December 9, 2009, Decree No. 7,246 of July 28, 2010; and MME Ordinance 
No. 67, of March 1, 2018, stand out. 
4 Available at: 

https://www.sefaz.pe.gov.br/Legislacao/Tributaria/Documents/legislacao/Leis_Tributarias/2015/Lei
15616_2015.htm. Access on November 21, 2021.  
 

https://www.aneel.gov.br/consultas-publicas?p_auth=626lTWz2&p_p_id=participacaopublica_WAR_participacaopublicaportlet&p_p_lifecycle=1&p_p_state=normal&p_p_mode=view&p_p_col_id=column-2&p_p_col_pos=1&p_p_col_count=2&_participacaopublica_WAR_participacaopublicaportlet_ideParticipacaoPublica=3394&_participacaopublica_WAR_participacaopublicaportlet_javax.portlet.action=visualizarParticipacaoPublica
https://www.aneel.gov.br/consultas-publicas?p_auth=626lTWz2&p_p_id=participacaopublica_WAR_participacaopublicaportlet&p_p_lifecycle=1&p_p_state=normal&p_p_mode=view&p_p_col_id=column-2&p_p_col_pos=1&p_p_col_count=2&_participacaopublica_WAR_participacaopublicaportlet_ideParticipacaoPublica=3394&_participacaopublica_WAR_participacaopublicaportlet_javax.portlet.action=visualizarParticipacaoPublica
https://www.aneel.gov.br/consultas-publicas?p_auth=626lTWz2&p_p_id=participacaopublica_WAR_participacaopublicaportlet&p_p_lifecycle=1&p_p_state=normal&p_p_mode=view&p_p_col_id=column-2&p_p_col_pos=1&p_p_col_count=2&_participacaopublica_WAR_participacaopublicaportlet_ideParticipacaoPublica=3394&_participacaopublica_WAR_participacaopublicaportlet_javax.portlet.action=visualizarParticipacaoPublica
https://www.aneel.gov.br/consultas-publicas?p_auth=626lTWz2&p_p_id=participacaopublica_WAR_participacaopublicaportlet&p_p_lifecycle=1&p_p_state=normal&p_p_mode=view&p_p_col_id=column-2&p_p_col_pos=1&p_p_col_count=2&_participacaopublica_WAR_participacaopublicaportlet_ideParticipacaoPublica=3394&_participacaopublica_WAR_participacaopublicaportlet_javax.portlet.action=visualizarParticipacaoPublica
https://www.aneel.gov.br/consultas-publicas?p_auth=626lTWz2&p_p_id=participacaopublica_WAR_participacaopublicaportlet&p_p_lifecycle=1&p_p_state=normal&p_p_mode=view&p_p_col_id=column-2&p_p_col_pos=1&p_p_col_count=2&_participacaopublica_WAR_participacaopublicaportlet_ideParticipacaoPublica=3394&_participacaopublica_WAR_participacaopublicaportlet_javax.portlet.action=visualizarParticipacaoPublica
https://www.aneel.gov.br/consultas-publicas?p_auth=626lTWz2&p_p_id=participacaopublica_WAR_participacaopublicaportlet&p_p_lifecycle=1&p_p_state=normal&p_p_mode=view&p_p_col_id=column-2&p_p_col_pos=1&p_p_col_count=2&_participacaopublica_WAR_participacaopublicaportlet_ideParticipacaoPublica=3394&_participacaopublica_WAR_participacaopublicaportlet_javax.portlet.action=visualizarParticipacaoPublica
https://www.sefaz.pe.gov.br/Legislacao/Tributaria/Documents/legislacao/Leis_Tributarias/2015/Lei15616_2015.htm
https://www.sefaz.pe.gov.br/Legislacao/Tributaria/Documents/legislacao/Leis_Tributarias/2015/Lei15616_2015.htm
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2.2.2. ICMS on Electricity 

Law No. 15,948, of December 16, 20165, regarding state tax benefits, including ICMS 

exemption for electricity supply for consumption in the State District of Fernando de 

Noronha. 

As a result, the tariffs paid by electricity consumers on the island are cheaper than those of 

equivalent consumers on the mainland, served by the same distribution company. This 

condition leads to a double subsidy as, since it is an isolated system, the Fuel Consumption 

Account - CCC refunds the difference between the cost of generation in Isolated Systems 

and the average cost of generation in the national main grid (ACRméd). 

We do not intend to discuss here the merits of these subsidies, but it is worth noting that 

they can lead to market distortion, as consumers do not perceive the actual and high cost 

of local generation and, consequently, do not have the economic signaling that could 

encourage energy efficiency actions and the installation of distributed generation, for 

example. 

2.2.3. Ban on Internal Combustion Vehicles 

District Decree No. 003/2019, of June/2019, determined the creation of 130 ecological 

authorizations for the entry, stay and exit of 100% electric vehicles without carbon dioxide 

emissions, whether for personal or commercial use, including for passenger transport. 

Subsequently, within the State District of Fernando de Noronha, Law No. 16,810, of January 

7, 2020 vetoed the entry of internal combustion vehicles as of August 10, 2022, and the 

circulation and stay of these vehicles on the island as of August 10, 2030. This law does 

not apply to ships, aircraft and vehicles similar to tractors used in civil construction. It is 

noteworthy, however, that the law, in its Article 2, provides for the possible extension of 

this period for up to 5 (five) years, if there is not enough technological development to 

guarantee the supply of clean energy in the State District of Fernando de Noronha. 

                                                 
5 Available at: 

<https://www.sefaz.pe.gov.br/Legislacao/Tributaria/Documents/legislacao/Leis_Tributarias/2016/L
ei15948_2016.htm#_msocom_1>. Access on November 16, 2021. 

https://www.sefaz.pe.gov.br/Legislacao/Tributaria/Documents/legislacao/Leis_Tributarias/2016/Lei15948_2016.htm#_msocom_1
https://www.sefaz.pe.gov.br/Legislacao/Tributaria/Documents/legislacao/Leis_Tributarias/2016/Lei15948_2016.htm#_msocom_1
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In a practical way, this regulation makes it necessary to review the island's energy matrix. 

For that, two technological possibilities are considered for the replacement of the fleet for 

electric vehicles, taking into account (i) “plug-in” or (ii) fuel cell vehicles6. 

It is noteworthy that the technological choice has direct impacts on energy planning. If 

“plug-in” type vehicles are chosen, it will be necessary to boost local power generation, 

considering renewable sources, a simpler solution, given the Brazilian potential for 

generation from clean sources. The use of fuel cell vehicles, on the other hand, would not 

require replacement or expansion of the generation complex. Considering the use of 

hydrogen, however, it would be necessary to establish a logistical and distribution structure 

for hydrogen, a topic that, despite having gained great relevance recently, may require 

greater technological development. If the fuel used for these vehicles is ethanol, Brazil 

already has biofuel distributed throughout the national territory.  

Information from the local distribution company and news published on the internet7  

indicate that there is already a fleet of “plug-in” vehicles on the island, in addition to 

charging stations. CELPE estimates the gradual replacement of the fleet, starting from 80 

“plug-in” electric vehicles in 2022, with a forecast of reaching 500 vehicles in 2030. This 

growth was taken into account by the distribution company when presenting the 

information in the Planning, item 4. 

Thus, it is understood that this should be the dominant technology and, therefore, was 

taken into account in the present study. However, there is still a point of law to be 

considered, which would be the supply of clean energy in the State District of Fernando de 

Noronha. Today, the energy matrix uses diesel thermoelectric plants to produce the energy 

consumed on the island, as detailed in the item 3 of this chapter. 

It is noteworthy that this study does not seek to discuss the benefits and impacts of 

adopting electric vehicles compared to other technological options, such as the use of 

ethanol or biodiesel vehicles, since the law bans combustion vehicles. However, it is 

noteworthy that this discussion was timely approached in other studies (WWF, 2020). 

                                                 
6 A technology that uses hydrogen as its source, which, combined with oxygen from the air in the 
fuel cell, generates electricity that powers the vehicle's electric engine. There are currently 

prototypes of ethanol fuel cell vehicles, but this technology is still uncompetitive and presents 
obstacles for large-scale adoption in Brazil in the short term. 
7 Available at https://www.noronha.pe.gov.br/comAcontece.php?cod=2527. Access on November 
03, 2021.  

https://www.noronha.pe.gov.br/comAcontece.php?cod=2527
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2.2.4. Zero Plastic 

The Noronha Plástico Zero (Noronha Zero Plastic) Program8 was established by District 

Decree No. 02, of December 12, 2018; it banned the entry, sale and use of disposable 

containers and packaging made of plastic material or similar on the island, in order to 

prevent the inadequate disposal of these containers on beaches and other public 

environments, thus helping the efforts of the Government to reduce the amount of solid 

waste. In addition, establishments are required to separate waste, which is collected using 

selective collection. 

From the point of view of energy planning, this measure can be favorable for the use of 

municipal solid waste (MSW) for power generation, in view of the differentiation in the 

composition of available waste, as shown in section 6.3. 

As can be seen throughout this section, Fernando de Noronha was the object of studies 

that discussed the use of renewable energy, motivated the implementation of R&D projects 

and the drafting of a specific legislation for the island. It is therefore necessary to do an in-

depth analysis on the availability and challenges of using different forms of supply for 

Noronha. So, it is necessary to know the current generating complex, as well as the 

expected growth of the consumer market on the island. These points will be addressed in 

the next items. 

 

                                                 
8 Available at http://www.noronhaplasticozero.com.br. Access on November 03, 2021.  

http://www.noronhaplasticozero.com.br/
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3. CURRENT GENERATION COMPLEX 

The concession for power distribution and generation in Fernando de Noronha belongs to 

NEOENERGIA CELPE. The generation grant is contractually effective until March 2030. 

 

As indicated by the distribution company, the island has a diesel thermoelectric plant - UTE 

Tubarão, Figure 1, which has three 1,286kW generating units and a 1,120kW machine, 

totaling 4,978kW. In addition, there is a backup generator, with additional power of 

2,293kW. 

Fernando de Noronha also has two solar power plants. The Noronha I Photovoltaic Plant 

began operating in July 2014 and has an installed capacity of 402kWp. The Noronha II 

Solar Plant was inaugurated in July 2015 and has an installed capacity of 550kWp. As 

indicated by the Distribution Company, both were donated, the first to the Air Force 

Command and the second to the island's Administration; thus, the generation of these 

plants is deducted from the demand to be supplied by the distribution company. 

 

 

 

Figure 1 - Tubarão Thermoelectric Plant Facilities. Source, CELPE, 2019. 
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4. MARKET TO BE SUPPLIED 

In the framework of the Isolated Systems supply planning in 2021, via the Isolated Systems 

Monitoring System (SASI), as established by MME Ordinance No. 67/2018, the distribution 

company presented a growth forecast for its consumer market, with a growth around 35% 

for power demand in Fernando de Noronha is expected from 2020 to 2024. 

This growth is explained by the increase in water production with the expansion of the 

existing desalination system, tripling the catchment of sea water, from 130 m³/h to 360 

m³/h. The current desalination system accounts for 10% of the island's energy 

consumption, this figure is expected to rise to 30% after expansion. In addition, the 

implementation of 9 new subdivisions on the island is planned, which will be responsible 

for installing new inns and for the migration of hotels from low to medium voltage. Another 

factor that will impact demand is the introduction of plug-in electric vehicles to replace 

internal combustion vehicles, as per item 2.2.3. 

4.1. Market and Planning Timeframe 

Below are market analyzes based on information provided by CELPE. In Figure 2 we can 

see the evolution of consumption in Fernando de Noronha, which in 2031 could exceed 35 

MWh. It is also possible to see a predominance in residential and commercial consumption; 

it should be noted that, in relation to other isolated systems, the island has a low loss rate 

with an average value of 4.5% in relation to the load. 

In relation to power demand, Figure 3 shows the expected growth for the coming years. 

This demand exceeds the current generation capacity in 2024, justifying the expansion of 

the installed generating complex. According to Figure 4, which presents the maximum 

monthly demand for the island in 2019, the year before the pandemic, it is possible to 

observe that the period of greatest demand occurs between the months of December and 

February, the holiday period. 
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Figure 3 - Figure - History (2018 to May/2021) and Demand Forecast (kW). Source: 
Prepared by this team, based on planning information provided by the distribution company. 

  

 

 

Figure 2 - Fernando de Noronha consumption: type and forecast for the next 10 years. 

Source: Prepared by this team, based on planning information provided by the distribution 
company. 
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Figure 4 - Monthly Load Curve - 2019 values (kW). Source: Prepared by this team, based on 

planning information provided by the distribution company. 

4.2. Amount of Reimbursement via CCC 

The Fuel Consumption Account (CCC) reimburses the difference between the electricity 

generation costs in Isolated Systems and the average generation cost in the national main 

grid (ACRméd). The monthly Reimbursement reports issued by CCEE9 show the reimbursed 

costs on generation in Isolated Systems by distributor and, as Fernando de Noronha is the 

only Isolated System served by CELPE, we can obtain the generation costs reimbursed by 

CCC for the island. Table 1 presents the values for the period from 2018 to 2021. 

Table 1 - Annual CCC Reimbursement Value for Power Generation in Fernando de 

Noronha 

Year Fuel (BRL) 
Own 

Generation 

(BRL) 

Freight 

(BRL) 

Total 
Generation 

Cost (BRL) 

CCC 
Refunding 

(BRL) 

2018 16,926,192 4,824,931 10,576,379 32,327,502 28,054,317 

2019 19,473,626 5,738,739 12,401,593 37,613,958 30,796,760 

2020 15,400,649 4,955,017 10,490,722 30,846,388 25,203,355 

2021* 9,602,701 2,658,814 5,541,291 17,802,807 15,051,394 

     * Data up to May 2021 

 

The impact that the cost of fuel (52%) and freight (33%) have on the cost of generation is 

noticeable, making clear the need to seek alternative ways to generate energy or implement 

energy efficiency actions in Fernando de Noronha, which can contribute to reducing the 

costs of the CCC. 

                                                 
9 Available at: https://www.ccee.org.br/portal/faces/pages_publico/o-que-
fazemos/contas/conta_ccc/ccc_gestao_conta?_afrLoop=78774615608587&_adf.ctrl-

state=5c8y3otc4_18#!%40%40%3F_afrLoop%3D78774615608587%26_adf.ctrl-
state%3D5c8y3otc4_22. Access on November 04, 2021. 

2019 Load Curve 

January       February       March          April           May          June              July           August     September    October   November     December 

https://www.ccee.org.br/portal/faces/pages_publico/o-que-fazemos/contas/conta_ccc/ccc_gestao_conta?_afrLoop=78774615608587&_adf.ctrl-state=5c8y3otc4_18#!%40%40%3F_afrLoop%3D78774615608587%26_adf.ctrl-state%3D5c8y3otc4_22
https://www.ccee.org.br/portal/faces/pages_publico/o-que-fazemos/contas/conta_ccc/ccc_gestao_conta?_afrLoop=78774615608587&_adf.ctrl-state=5c8y3otc4_18#!%40%40%3F_afrLoop%3D78774615608587%26_adf.ctrl-state%3D5c8y3otc4_22
https://www.ccee.org.br/portal/faces/pages_publico/o-que-fazemos/contas/conta_ccc/ccc_gestao_conta?_afrLoop=78774615608587&_adf.ctrl-state=5c8y3otc4_18#!%40%40%3F_afrLoop%3D78774615608587%26_adf.ctrl-state%3D5c8y3otc4_22
https://www.ccee.org.br/portal/faces/pages_publico/o-que-fazemos/contas/conta_ccc/ccc_gestao_conta?_afrLoop=78774615608587&_adf.ctrl-state=5c8y3otc4_18#!%40%40%3F_afrLoop%3D78774615608587%26_adf.ctrl-state%3D5c8y3otc4_22
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5. SOCIAL AND ENVIRONMENTAL ISSUES 

The Fernando de Noronha Archipelago is protected by Conservancy Units (CUs): Natural 

Protected Areas – APA Fernando de Noronha, Rocas, São Pedro and São Paulo (1986) and 

the National Marine Park – Parnamar of Fernando de Noronha (1988), both federal, in 

addition to a State APA, created in 1989, with the objective of ensuring the protection of 

marine and coastal ecosystems10. 

 
Figure 5 – Protected Areas in the Fernando de Noronha Archipelago. Source: Webmap 

EPE 

 

The APA of Fernando de Noronha, a federal Sustainable Use Protected Area, in light green 

(hatched) in Figure 5, was established by Federal Decree No. 92.755/1986 with the main 

goals of: “protecting and conserving the environmental quality and living conditions of fauna 

and flora; make organized tourism compatible with the preservation of natural resources; 

and, reconciling, in the Federal Territory of Fernando de Noronha, human occupation with 

the protection of the environment”. It has a total area of 79,706 hectares, broken down 

into: 30% of the terrestrial part of the Fernando de Noronha Archipelago and marine 

surroundings; the surroundings of Atol das Rocas Biological Reserve; and Archipelago of 

São Pedro and São Paulo11. 

                                                 
10 Available at https://www.noronha.pe.gov.br/instMeioAmbiente_1.php. Access on November 05, 

2021. 
11 Available at https://www.parnanoronha.com.br/apa. Access on November 05, 2021. 

https://www.noronha.pe.gov.br/instMeioAmbiente_1.php
https://www.parnanoronha.com.br/apa
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Parnamar de Fernando de Noronha, which is fully protected, the dark green area in Figure 

5, was established by Federal Decree No. 96,693/1988, with the goal of: "protecting a 

representative sample of the archipelago's marine and terrestrial ecosystems, ensuring the 

preservation of its fauna, flora and other natural resources, providing controlled 

opportunities for visitation, education and scientific research, contributing to the protection 

of sites and structures of historical and cultural interest present in the area”. It occupies a 

total area of 11,270 hectares, corresponding to 70% of the main island (Fernando de 

Noronha) and the other islands of the archipelago12. 

The environmental management of these PAs is the responsibility of the Chico Mendes 

Institute for Biodiversity Conservancy (ICMBio). Given the overlap of the APA with the State 

District of Fernando de Noronha, management is shared with the Island Administration, 

with ICMBio being responsible for environmental management in terms of the application 

of environmental legislation (protection, monitoring and authorization), and the 

management of public services such as education, drinking water supply, sewage 

treatment, garbage collection, maintenance of roads, squares, trails and beaches of the 

APA are the responsibility of the Government of Pernambuco. 

5.1. Environmental Licensing 

According to Law No. 9,985/2000 that established the National System of Nature 

Conservancy Units – SNUC (Brazil, 2000), for the CUs of the full protection group, such as 

Parnamar Fernando de Noronha, the permitted activities are: scientific research and the 

development of environmental education and interpretation activities; recreation in contact 

with nature; and ecological tourism, with only indirect use of its natural attributes being 

allowed. The sustainable use of natural resources is allowed in the APA, as long as it is 

compatible with nature conservancy. 

As established in Complementary Law No. 140/2011 Art. 7, item XIV, the role for  licensing 

activities or enterprises that use environmental resources, effectively or potentially polluting 

or capable, in any form, of causing environmental degradation, located or developed in 

Conservancy Units established by the Federal Government, except in APAs, will be the 

responsibility of the environmental agency of the state of the respective Conservancy Unit. 

Therefore, the role for environmental licensing in the Fernando de Noronha Archipelago is 

broken down into:  

                                                 
12 Available at https://www.parnanoronha.com.br/o-parque. Access on November 05, 2021. 

http://www.planalto.gov.br/ccivil_03/LEIS/LCP/Lcp140.htm
https://www.parnanoronha.com.br/o-parque
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a) Parnamar Fernando de Noronha – the agency responsible is the Brazilian Institute 

for the Environment and Renewable Natural Resources (Ibama); and 

b) APA Fernando de Noronha – the agency responsible is the Pernambuco State 

Environmental Agency (CPRH). 

Considering that ICMBio is the managing body of APA Fernando de Noronha, it is 

responsible for authorizing environmental licensing processes, at both the state or federal 

level, of projects or activities located outside the urban area established by the APA zoning 

(ICMBio, 2017), as per provided for in Law No. 9,985/200013, Conama Resolution No. 

428/2010 (MMA, 2010) and Normative Instruction ICMBio No. 10/2020.  

This interpretation is confirmed in the Management Plan14 of APA Fernando de Noronha, 

which states that the environmental licensing in the onshore part of the APA is a state level 

responsibility, and it is carried out by the State Environmental Agency of Pernambuco, 

except for the situations listed in the items b, f, g and h, item XIV of Article 7 of 

Complementary Law No. 140/2011, which is Ibama's responsibility (ICMBio, 2017), namely: 

b) located or developed in the territorial sea, on the continental shelf or in the 

exclusive economic zone;  

f) of a military nature, except for environmental licensing, under the terms of an act 

of the Executive Branch, those provided for in the preparation and employment of 

the Military, as provided for in Complementary Law No. 97, of June 9, 1999;  

g) intended to research, mine, produce, process, ship, store and dispose of 

radioactive material, at any stage, or that use nuclear energy in any of its forms and 

applications, upon the opinion of the National Nuclear Energy Commission (Cnen); 

or  

h) that meet the typology established by an act of the Executive Branch, based on 

a proposal by the National Tripartite Commission, ensuring the participation of a 

member of the National Council for the Environment (Conama), and considering the 

criteria of size, polluting potential and nature of the activity or venture. 

                                                 
13Art. 36, § 3 When the enterprise affects a specific conservancy unit or its buffer zone, the licensing 

referred to in the caput of this article may only be granted with authorization from the body 
responsible for its administration, and the affected unit, even if not belonging to the Integral 

Protection Group, must be one of the beneficiaries of the compensation defined in this article. 

 
14 A management plan is the technical document through which, based on the general objectives of 

a conservancy unit, its zoning and the rules that must govern the use of the area and the 
management of natural resources, including the implementation of physical structures, are 

established. which are required for the management of the unit (item XVII, Art. 2, Law nº 
9.985/2000). 
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5.2. Environmentally Sensitive Issues in the Archipelago 

As seen in the previous item, the CU that protects practically the entire Fernando de 

Noronha Archipelago has areas for reproduction of marine species and migratory routes for 

birds, and areas where dolphins, turtles, fish, corals and other species gather; such areas 

pose the challenge of reconciling the occupation and use of natural resources in order to 

guarantee the protection of natural environments, an issue that is extremely sensitive for 

the Island. 

5.2.1. Conservancy Units 

The Management Plan of Parnamar Fernando de Noronha provides a specific zoning, 

covering the terrestrial and marine part of the Park, divided into: Intangible Zone, Primitive 

Zone, Extensive Use Zone, Intensive Use Zone, Historical-Cultural Zone, Recovery Zone and 

Special Use Zone (Ibama/Funatura, 1990).  

The APA Fernando de Noronha's Management Plan establishes the zoning of the territory 

under its protection in order to guide the inspection and control process of existing activities 

in the area, in order to enable the conservancy/recovery of areas of great environmental 

value, concurrently with the socioeconomic development of the State District of Fernando 

de Noronha (ICMBio, 2017). This zoning establishes 10 zones, which provide for the 

preservation, conservancy, recovery of degraded areas, agricultural activity, research in the 

São Pedro and São Paulo archipelago, the conservation of natural resources combined with 

the activities of and public use, the sustainable development of fishing activities and, finally, 

the use and occupation of land aimed at urban activities (Figure 6). 
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Figure 6 – Zoning of the Fernando de Noronha Archipelago. Source: ICMBio (2017) 
 

Each zone has general management rules, such as permitted uses, restrictions and 

recommendations. Some of these zones are more restrictive, such as the Wildlife Protection 

Zone, which constitutes 23.5% of the land portion of the APA and 40.0% of the marine 

area (including Atol das Rocas); the Conservation Zone, with 37.9% of the APA's land area; 

and the Recovery Zone, with 4.1% of the APA's land area. Activities in these zones should 

not compromise the integrity of existing natural resources and historical-cultural and 

archaeological heritage (ICMBio, 2017). 

5.2.2. Priority Areas for Conservation of the Marine Environment 

The Fernando de Noronha Archipelago is considered an area of extreme biological 

importance for the conservation of the marine environment, such as for marine and coastal 

avifauna, coral reefs and rocky shores, nurseries for various threatened groups, as is the 

case cetaceans and turtles, as well as breeding and feeding sites for several migratory 

species (ICMBio, 2017). 
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5.2.3. Important Areas for Birds  

According to the Report on Routes and Concentration Areas of Migratory Birds in Brazil 

(CEMAVE, 2020), oceanic islands such as Fernando de Noronha are, as a rule, extremely 

important for marine and migratory avifauna, as they are regular route, fallow, resting, 

feeding and reproduction areas. Without these areas along their migratory route, some 

species cannot reach their destination, failing to complete their life cycle. According to the 

cartographic basis of this Report, the archipelago has areas that are important for migratory 

birds due to a significant concentration of individuals and areas with records of threatened 

bird species in accordance with MMA Ordinance No. 444/14, Figure 7. 

 
 

Figure 7 – Important Areas for Migratory Birds in Atol das Rocas and Fernando de Noronha 
Archipelago. Source: CEMAVE (2020) 

 

It is noteworthy that such areas are important, according to Conama Resolution No. 

462/2014 (MMA, 2014), which establishes procedures for the environmental licensing of 

power generation from a wind source on land surface. In the case of the deployment of 

wind projects in regular route, fallow, resting, feeding and reproduction areas of migratory 

birds contained in the Report on Routes and Concentration Areas of Migratory Birds in Brazil 

(CEMAVE, 2020), it will not be considered of low impact, requiring the presentation of an 
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Environmental Impact Study and an Environmental Impact Report (EIA/RIMA), in addition 

to public hearings, under the terms of current legislation. 

5.2.4. Priority Areas for Sea Turtle Breeding 

The areas considered as priorities for the conservation of sea turtles covered by Conama 

Resolution No. 10/96 (MMA, 1996) include part of the coast of Rio Grande do Norte, the 

entire coast of Sergipe, the northern coast of the states of Bahia, Espírito Santo and Rio de 

Janeiro, in addition to the oceanic islands of Atol das Rocas, Fernando de Noronha and 

Trindade (Sforza et. al., 2017).  

 
Figure 8 – Figure – Priority areas for the reproduction of sea turtles. Source: Sforza et. 

al., (2017) 

According to ICMBio (2017), the Fernando de Noronha, Rocas, São Pedro and São Paulo 

APA can be considered a strategic area for the conservation of marine turtles as it is a 

feeding and growing area for the hawksbill sea turtle (Eretmochelys imbricata) and a 

breeding ground of the green sea turtle (Chelonia mydas). 
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As specified in Conama Resolution No. 10/1996 (MMA, 1996) and in the APA Management 

Plan (ICMBio, 2017), for environmental licensing in priority areas for the reproduction of 

sea turtles, such as on the beaches of Boldró, Conceição, Caieira, Americano, Bode, 

Cacimba do Padre and Baía de Santo Antônio, sea turtle nesting beaches, a statement from 

the Center for Conservation and Management of Sea Turtles - Centro Tamar is required, as 

well as from the Federal Heritage Secretary - SPU and of the Brazilian Navy. 

5.2.5. Marine Fauna 

Coastal and marine zones are important areas for feeding, breeding and migratory routes 

for marine mammals. Among the species recorded in the Fernando de Noronha Archipelago, 

the spinner dolphin (Stenella longirostris), one of the most important tourist attractions on 

the island, is mainly concentrated in Baía dos Golfinhos and Entre Ilhas. In the Livro 

Vermelho da Fauna Brasileira Ameaçada de Extinção (Red Book of Brazilian Endangered 

Fauna) (ICMBio, 2018), this species is rated in the category of "Insufficient Data" of 

extinction risk, indicating that adequate data on its distribution and/or abundance is lacking, 

but that the possibility that she may be endangered. In addition to this species, others such 

as the spotted dolphin, bottlenose dolphin, pilot whale, sperm whale and humpback whale 

have already been registered within the boundaries of the Fernando de Noronha, Rocas, 

São Pedro and São Paulo APA (ICMBio, 2017). 

Endangered species such as the Whale Shark (Rhincodon typus), Lemon Shark (Negaprion 

brevirostris), Caribbean Reef Shark (Carcharhinus perezi) and the Oceanic Manta Ray 

(Mobula birostris) are also found in the Archipelago. These species are included in the 

“Vulnerable” category of the list of Brazilian endangered species, which means that they 

are facing a high risk of extinction in the wild (ICMBio, 2018). 

5.2.6. Landscape 

The Fernando de Noronha Archipelago, recognized by Unesco as a World Natural Heritage 

Site for its importance to marine life, such as the reproduction and feeding of tuna, shark, 

turtle and marine mammals; it is home to the largest concentration of seabirds in the 

Atlantic Ocean; it has the only examples of Insular Atlantic Forest and oceanic mangroves 

in the South Atlantic; in addition to containing the most important and significant natural 

habitats for the in situ conservation of biological diversity, including those that contain 

endangered species from the point of view of science or conservation (Unesco, 2001). 
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The archipelago's natural beauties and conservation status are also of great relevance to 

sustainable tourism, the island's main economic activity, with several attractions such as 

diving, surfing, beaches, boat and buggy rides, dolphin watching. 

As can be seen, there are several environmental factors that must be considered during the 

preparation of a project for energy supply to the island and, due to these factors, if there 

is an Auction for Fernando de Noronha is being carried out; but, unlike what happens in 

other auctions of the Systems Isolated, it may be required to present an environmental 

license for technical qualification purposes.  
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6. SUPPLY OPTIONS 

Knowing the expected load growth for Fernando de Noronha, the installed capacity of the 

generation complex and the environmental restrictions existing on the island, the next step 

is to identify the energy resources that can be used to generate power on the island. 

6.1. WIND TECHNOLOGY 

The first wind turbine in Brazil was installed in Fernando de Noronha in 1992; it had 17 

meters in diameter, 75 kW of capacity and 23 m high. The project was developed by CELPE 

in partnership with the Federal University of Pernambuco and the Folkcenter; this turbine 

is currently not in operation. In 2000, a second turbine was installed in an area of dunes by 

Centro Brasileiro de Energia Eólica (CBEE, or Brazilian Center for Wind Energy) in 

partnership with the RisØ National Laboratory of Denmark; the equipment began operating 

in 2001. This turbine had 225 kW capacity, 27 meters in diameter and 32.46 meters in 

height and was dismantled between 2010 and 2011, after being struck by lightning in 2009 

(PINTO, 2013). During the period they operated together, the turbines reached 25% of the 

island's total consumption, according to ANEEL, apud PINTO (2013). 

BARROS (2002) analyzed data on active energy production and reactive energy 

consumption for the 225 kW turbine in the testing period, from May to July 2000. In June 

of that year, the turbine contributed 13% of all energy supplied to the power grid. The 

electricity production of the 2 wind turbines provided savings of 35,000 liters of diesel fuelin 

this period. 

As presented in item 2, the use of renewable resources in Fernando de Noronha was the 

object of several studies, with wind energy being one of the sources considered. SILVEIRA 

(2013) assessed the installation of 4.5 MW of wind farms, operating in conjunction with 4.2 

MW of diesel generators and a battery-powered storage system. For the simulation of wind 

generation, with a 250 kW turbine and 25 meters of hub height was used, considering that 

there would be restrictions on the unloading of the wind turbine at the port of the main 

island. 

The work of RENEWABLES 100 POLICY INSTITUTE (2017) identified the possibility of 

adding small wind turbines on the island, if environmental safety criteria allow for it. The 

island has a significant wind resource and this can be used in conjunction with solar energy; 

since wind and solar resources peak at different times of the day, these technologies are 

complementary. The possibility of sharing the inverter was also pointed out, in the case of 
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installing hybrid projects, which would contribute to reduce the total investment cost; in 

addition, hybrid plants with solar and wind technology can reduce energy costs by 20%. 

The WWF-BRASIL report (2020) presents as an alternative to reduce to zero the emission 

of pollutants when implementing electric vehicles in the archipelago, among other 

measures, installing wind towers. The authors suggest replacing the shutdown wind towers 

with two new ones, 1.5 MW each, capable of generating around 70% of the island's energy 

consumption in 2018. 

Considering these studies, it is worth investigating the island's wind potential, both onshore 

and offshore. In relation to the use of the onshore wind resource, it is important to 

characterize it according to the size of the wind turbines, as there are large and small kinds 

of equipment. 

Therefore, for a better organization of the chapter, 3 classes of use will be defined according 

to the size of the wind turbines: small onshore turbines (turbine up to 2 MW, including 

distributed generation); large onshore (greater than 2MW); and offshore. 

6.1.1. Identification of Wind Potential 

The 2017 Wind and Solar Atlas of Pernambuco, in its chapter X15, informs that the annual 

average wind speed at 100 meters height at Fernando de Noronha is greater than 8.5 m/s 

at any point in the archipelago, Figure 6. Even at a height of 10 m, some points on the 

island reach average annual speeds of 9 m/s. According to the classification of IRENA 

(2014), speeds above 7 m/s are considered very suitable for power generation.  

                                                 
15 Available at 
http://www.atlaseolicosolar.pe.gov.br/chapter/noronha.html?Cap%C3%ADtulo%20X%20-

%20O%20Arquip%C3%A9lago%20de%20Fernando%20de%20Noronha. Access on November 05, 
2021.  

http://www.atlaseolicosolar.pe.gov.br/chapter/noronha.html?Capítulo%20X%20-%20O%20Arquipélago%20de%20Fernando%20de%20Noronha
http://www.atlaseolicosolar.pe.gov.br/chapter/noronha.html?Capítulo%20X%20-%20O%20Arquipélago%20de%20Fernando%20de%20Noronha
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Figure 9 - Annual average wind speed (m/s). Source: Atlas Eólico e Solar de Pernambuco (2017) 

 

The predominant wind directions in the archipelago are southeast, south-southeast, 

southeast-east and south, with a predominance of southeast trade winds, Figure 10. 

 
Figure 10- Occurrence Frequency Compass Card (%). Source: Atlas Eólico e Solar de 

Pernambuco (2017) 

 

Wind varies in hourly and monthly scales, as shown in the figures.  
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Figure 11 - Typical wind and solar day. Source: Atlas Eólico e Solar de Pernambuco (2017) 

 

 
Figure 12 - Typical wind and solar year. Source: Atlas Eólico e Solar de Pernambuco (2017) 

 

Considering only the available resources, the island of Fernando de Noronha would be 

suitable for the installation of turbines of any size, both onshore and offshore. However, 

although very important, wind speed is not the only parameter used to estimate wind 

potential, as there are several restrictions related to altitude, slope, landscape interference, 

noise, infrastructure, among others. These characteristics are different according to the size 

of the wind turbines and will be better explained in the following items. 
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6.1.1.1. Small-size onshore potential 

Wind technology using distributed generation turbines is still a little-practiced activity in 

Brazil. There are several technologies that can be used with vertical or horizontal axis wind 

turbines. The Instituto Ideal16 Guide has a summary with the main types of generators. 

In places like Fernando de Noronha, which have unidirectional wind, the horizontal rotor 

generator will probably be the most suitable. In Brazil, the company Enersud manufactures 

this type of equipment with different powers such as 200 W, 420 W and 1,200 W, for 

example. Figure 13 shows two real-life cases where horizontal axis turbines were used for 

distributed generation. 

Five 10kW turbines installed at 36 meters height One 25 kW turbine installed at 43 meters height 

Figure 13 – Distributed Generation with Horizontal Axle Turbines Source: U.S. Department of Energy 

If it is not possible to install the equipment on towers, there are other models that can be 

installed on the ground or on roofs, as seen below. 

  

Figure 14 – Distributed Generation – other technologies. Source: Enersud e Engenhariahoje.com 

                                                 
16 Available at: https://institutoideal.org/guiaeolica/. Access on November 05, 2021. 

https://institutoideal.org/guiaeolica/
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In the distributed generation model, investment decisions are often individual and depend 

on consumer behavior, which can be a challenge for the use of these technologies. 

In addition to distributed generation, the island's wind potential may also be of interest to 

entrepreneurs who want to install small-scale onshore turbines. In this regard, the issues 

listed on item 6.1.1 should also be noted, as well as the environmental issues presented in 

chapter 5. Another important matter for leveraging the onshore potential concerns the area 

occupied by wind farms. 

The Atlas of Pernambuco estimates a power density of 3.2 MW/km². However, this value 

varies a lot according to assumptions such as the number of wind turbines, the park design, 

the size of the turbines and the distances necessary for safety and proper operation of the 

machines. 

For Fernando de Noronha, for example, considering the possibility of installing a single E-

44 turbine17, with 0.9 MW capacity and of 45 meters height, with a minimum reserved area 

based on its total height (added cube height with the size of the blade), a power density of 

approximately 64 MW/km² is estimated. In other words, with these premises, to install a 

single 1 MW turbine would require an area of 1.6 ha (or 4 acres). It is noteworthy that the 

turbines must also keep a minimum distance from urban areas and environmental 

preservation areas must not be considered. 

6.1.1.2. Large-size onshore potential 

Considering altitude, slope and land use restrictions, the Pernambuco Wind and Solar Atlas 

does not recommend the installation of large wind turbines in Fernando de Noronha. In 

addition to these factors, the lack of port infrastructure would be another challenge for the 

installation of conventional wind turbines, whose power is above 2 MW. It would be 

necessary for the port and the local roads to support the weight and sizes of the wind 

turbines. According to information supplied by the distributor, another complicating factor 

is that part of the population is afraid having turbines installed on the island, as those 

previously installed were destroyed by lightning and caused inconvenience. 

                                                 
17 Available at: http://www.wobben.com.br/fileadmin/user_upload/ec_product_br.pdf. Access on 
November 26, 2021. 
 

http://www.wobben.com.br/fileadmin/user_upload/ec_product_br.pdf
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6.1.1.3. Offshore potential 

The Energy Sector Management Assistance Program (ESMAP) website presents maps with 

an initial estimate of the potential of wind energy at sea, considering as criteria both wind 

speed and water depth for different places in the world. 

ESMAP uses wind speed data taken from the Global Wind Atlas (GWA) and depth data from 

the General Bathymetric Chart of the Oceans (GEBCO). The following are considered as 

technically-feasible assumptions for estimates: 

 Regions with wind speed annual average above 7 m/s at a 100 meters height; 

 Fixed foundations adequate for the water depth of less than 50m; 

 Floating foundations adequate for depths between 50 and 1,000 m; 

 Regions less than 200 km from the coast; 

 Density of 3 MW/km² for wind speeds between 7 and 8 m/s; 

 Density of 4 MW/km² for wind speeds between above 8 m/s; and 

 Isolated regions with area of less than 10 km² were excluded. 

 

The areas identified for Fernando de Noronha are shows in Figure 15. For fixed foundations, 

an area of 68.14 km2 was found, with a total estimated potential of 204.4 MW. For floating 

foundations, the area found was 327.75 km2 and the potential, 983.2 MW.  
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Figure 15- Technically-feasible regions for the exploitation of wind power at sea and wind speed 
at 100m high.  Sources:  Prepared by this team, based on GWA (2021) and ESMAP (2021) 

 

6.1.2. Considerations on Harnessing Potential 

Regarding wind turbines for distributed generation, the installation of this technology 

usually depends on the decision of consumers, just as it happens with the use of solar 

energy (thermal or photovoltaic). Therefore, its use depends on residents' incentives and 

awareness. In addition, issues such as the possibility of interference in the landscape and 

the noise that can be produced by generators must also be taken into account. 

It is important to highlight that distributed wind generation is not a technology that is 

widespread in Brazil, with an additional challenge in having specialized labor for installation 

and maintenance. 

As for large-scale onshore turbines, as shown in item 6.1.1.2, there are technical restrictions 

that make the use of this equipment unfeasible, mainly related to the logistics required to 

install it. 
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In the case of offshore turbines, despite being larger than onshore ones, the logistical 

problem is minimized. According to BVG ASSOCIATES (2019), different locations can be 

used to support the pre-assembly and construction of foundations and turbines, with both 

location and weather conditions affecting the time it takes to implement the complex. 

Typical requirements for a construction port include: at least 8 hectares of area suitable for 

unloading and pre-assembly; a pier 200-300 meters long; access to water to hold vessels 

up to 140m long, 45m wide and 6m deep and air space of at least 100m to allow vertical 

loading of towers onto ships. In other words, the facilities on the island of Fernando de 

Noronha would not necessarily be used, and ports located on the coast could be considered, 

as an option, with the subsequent transport of the structures to the installation site. 

Another important issue regarding offshore wind power is the installed capacity. Currently, 

the smallest commercial wind turbine has more than 8 MW. Considering that Fernando de 

Noronha's load is around 4 MWmed, it is important to take into account the installation of 

storage systems in order to make the best use of this potential by avoiding generation 

outages. Storage systems are detailed in item 6.9. Considering the intermittence of the 

wind resource, Figure 11 and Figure 12, it would not be feasible to fully supply the load 

using wind energy alone, which is yet another argument for the installation of storage 

systems on the island. 

Figure 16 shows the visual impact that offshore wind turbines have on the landscape. Notice 

that from 10 miles off the coast, approximately 16 km, they become almost unnoticeable. 

In order to reduce the visual impact, IBAMA, in its Term of Reference (TR)18 for Offshore 

Wind Complexes, recommends that, for highly sensitive regions, offshore wind turbines 

should be installed with a distance ranging from 13 km to 24 km to have an impact on the 

landscape that is considered medium-level. From 24 km onwards, the installation would 

have a lower impact. The map shows what these distances represent for the island, 

displaying the existence of favorable areas for the installation of offshore wind turbines 

around the island, indicating the feasibility of considering wind generation for energy supply 

at the demand-level of Fernando de Noronha. 

According to information from the Roadmap Eólica Offshore Brasil (EPE, 2020b), the time 

to prepare the project and to build offshore wind power plants can take up to 6 years, but 

the IBAMA's Terms of Reference informs that, for experimental projects, with up to two 

turbines or installed on existing platforms, the developer may require a simplified 

environmental study, which could reduce the timeframe for implementing these projects in 

Fernando de Noronha. It should be noted that, even with the installation of one single 

                                                 
18 Available at: https://www.ibama.gov.br/phocadownload/licenciamento/publicacoes/2020-11-
TR_CEM.pdf. Access on November 10, 2021. 

https://www.ibama.gov.br/phocadownload/licenciamento/publicacoes/2020-11-TR_CEM.pdf
https://www.ibama.gov.br/phocadownload/licenciamento/publicacoes/2020-11-TR_CEM.pdf
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turbine, the environmental agency may consider that this is not a low-impact project, due 

to the environmental sensitivities of the region, and request the EIA/RIMA instead of the 

RAS (Environmental Assessment). 

Specific issues related to cabling to the island and the foundations of wind turbines will not 

be assessed in this study. However, it should be noted that the greater distance from the 

turbines, although reducing the visual impact, tends to increase transmission costs. 

Figure 16- Visual impact of an offshore turbine19. 

 

                                                 
19 Available at: https://www.nbcnews.com/id/wbna27068747. Access on November 08, 2021. 

https://www.nbcnews.com/id/wbna27068747
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Another challenge related to the development of offshore wind projects lies in the source's 

legal and regulatory framework, as pointed out in the Roadmap. Some agents believe that 

the current rules for onshore wind would apply, but at the same time, three bills have 

already been presented in Congress, aiming to regulate the use of marine space to generate 

power. At the same time, the Ministry of Mines and Energy announced a Decree with a 

similar purpose and forecast for publication in the near future, which should address this 

challenge, including for Fernando de Noronha. 

6.1.3. Conclusions 

Studies indicate that the wind behavior in Fernando de Noronha is favorable for onshore 

and offshore wind generation. However, there are strong technical and environmental 

restrictions that make the use of large-scale onshore wind turbines unfeasible on the island 

and barriers that can prevent the consideration of small-sized onshore wind turbines. 

Figure 17 - Representation of the distances of 13 km and 24 km offshore.  

Sources:  Prepared by this team, based on ESMAP (2021). 
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Thus, offshore technology has a better potential to be used for energy generation, since 

technical and environmental restrictions tend to be circumvented. 

In relation to generation auctions, environmental licenses, on-site measurement and proof 

of ownership of the site may be requested for the purposes of technical qualification, in 

order to reduce uncertainties related to the use of this resource. Such issues should be 

taken into consideration when preparing the project, as well as the deadline to be 

considered for the implementation of these plants. 

 

6.2.  SOLAR PHOTOVOLTAIC  

Since it is the source with the most homogeneous availability, especially in tropical regions, 

Solar Photovoltaic (PV) energy comes up as a natural candidate to meet the island's 

demand, in the centralized or distributed modalities. According to data from ANEEL, there 

are 16 photovoltaic systems operating on the island, totaling 938 kW, of which 8 are from 

the commercial sector (65 kW), 5 are residential (10 kW) and 4 are from the public sector 

(863 kW). 

Due to the variable nature of solar generation, it is difficult to have a greater penetration 

of the source while maintaining the stability of the grid. A study carried out for an isolated 

location in Rondônia (IESS, 2021), for example, indicated that, for a PV penetration of 30% 

(in power) of the maximum demand of the location, the maximum energy contribution of 

the photovoltaic source in a grid with diesel generators is close to 10% in systems without 

automation. For automated systems (whose PV inverters limit their power according to the 

load of diesel generators), the PV contribution can reach 35% of consumption, although a 

large part of the total PV generation is curtailed at times, affecting the project's economic 

feasibility. For a higher energy contribution, it is necessary to use storage systems. In the 

IESS study, consumption was 100% met by the photovoltaic source with storage systems 

with 48 hours of autonomy and with a PV power 5x greater than the system's maximum 

demand. Therefore, the economic aspect would also be relevant in this case. 

 

6.2.1. Identification of Photovoltaic Potential 

As it is a small and isolated location in Brazilian territory, the irradiation data for Fernando 

de Noronha are not included in the Brazilian Solar Energy Atlas; another reason is the 

difficulty in making an estimate of this magnitude on islands using satellite models, as the 
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water-land interface and water reflections cause modeling errors. Despite this difficulty, the 

Solar and Wind Atlas of Pernambuco20 provides an estimate for solar irradiation in the 

archipelago, presented in Figure 18. The values are quite high, and therefore, even if the 

model estimate is optimistic, the resource in place is favorable. For comparison purposes, 

the World Bank Group's Global Solar Atlas21 was consulted, which shows lower values, but 

still around 6.0 kWh/m².day.  

 
Figure 18 - Global daily irradiation (kWh/m².day). Source: Atlas Eólico e Solar de 

Pernambuco (2017) 

 

Finding free and useful space for the development of economic activities such as a 

photovoltaic generation plant whose area is not occupied or has use restrictions for being 

an environmental protection area, is one of Fernando de Noronha island's challenges; based 

on the projects registered for the energy auctions, it is estimated that each MW of solar 

plant installed on the ground requires 3 hectares (or 7.4 acres) of area. 

Remote sensoring techniques can be used to map these areas on the island of Fernando 

de Noronha, as shown in the work developed by Salim (2021), who used high-resolution 

images taken from sensors aboard a drone that generated a detailed survey and mapping 

of open areas on the island, suitable for receiving photovoltaic plants. The same work 

developed a calibrated model of solar irradiation, which allowed for quantifying the 

photovoltaic potential in Fernando de Noronha, whose methodology and main results are 

presented below. 

                                                 
20 Available at: http://www.atlaseolicosolar.pe.gov.br/  
21 Available at: https://globalsolaratlas.info/  

Global Radiation (kWh/m2/ day) - Once per year 

http://www.atlaseolicosolar.pe.gov.br/
https://globalsolaratlas.info/
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Initially, the researcher built a Digital Surface Model (DSM) from 8,383 photographs taken 

from a drone. The model presents the surface features, with its altitude, representation of 

houses, trees and mountains, which allows for later simulation of shading effects on the 

surfaces. 

Next, the radiation incident on the island throughout the year was simulated and calibrated 

with data from the Global Solar Atlas. The figure below shows the global horizontal radiation 

incident over a year in part of the island, as an example. The flatter and more distant areas 

of trees are lighter in color, indicating greater irradiation. 

 

 

Figure 19 - Irradiation model for part of the island of Fernando de Noronha.  
Source: Salim (2021). 
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The next step consisted of the manual vectorization of the roof areas and open areas on 

the island (Figure 20). Due to environmental restrictions, the author did not simulate the 

use in areas of native forest. Additionally, the airport area, dune area and soccer field were 

not included in the analysis. Finally, the technical potential of photovoltaic generation on 

the island was calculated using the formula in which GHI is the Global Horizontal Irradiation, 

PR is the performance ratio (90%), which incorporates temperature losses, soiling, inverter 

efficiency, etc., and n (15%), represents the efficiency of the photovoltaic modules. 

 

Table 2 shows the main results for the island of Fernando de Noronha, Table 3 and presents 

the 10 largest areas (in rooftops and the ground) for photovoltaic use.  

 

Table 2 – Photovoltaic potential on rooftops and open areas in Fernando de Noronha 

 Amount Area (m²) 
PV Potential 

(GWh/year) 

Rooftops 1,272 199,743 51.6 

Open Areas 26 239,603 67.0 

TOTAL  439,346 118.6 

 

Figure 20 – Irradiation data taken from area vectors on the ground and on rooftop.  

Source: Salim (2021). 
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Table 3 – 10 largest areas for photovoltaic use in Fernando de Noronha 

Open Areas  Rooftops 

Area 
(m²) 

Average GHI 
(MWh/m²/year) 

PV Potential 
(GWh/year) 

Area (m²) 
Average GHI 

(MWh/m²/year) 
PV Potential 
(GWh/year) 

39,780 2.03 10.90 3001 1.99 0.81 

20,625 2.07 5.76 1464 1.92 0.38 

17,331 2.08 4.87 1181 2.06 0.33 

16,328 2.14 4.72 1115 1.96 0.29 

16,183 2.13 4.65 1110 1.86 0.28 

12,237 1.98 3.27 1055 2.00 0.28 

11,543 2.13 3.32 1016 2.11 0.29 

10,955 2.09 3.09 958 2.13 0.28 

10,643 1.97 2.83 923 2.01 0.25 

9,811 2.03 2.69 899 2.00 0.24 

 

Considering the market growth forecast presented by the distribution company, item 4, it 

is expected that, in 2030, the load demanded by Fernando de Noronha will be 35 GWh, 

according to Table 2, so it is clear that the potential presented by Salim (2021) is 3.4 times 

higher than the expected demand for the coming years, indicating that photovoltaic energy 

can be an important source of supply for the island. 

One can imagine, however, that not all available areas could effectively receive photovoltaic 

systems. There are constructive and structural impediments, for example, that could limit 

coverage to 100% of mapped rooftops.  

Regarding the mapping of open areas on the island, it should be considered that the 

mapped areas are subject to changes over time due to changes in the dynamics of land 

use. These dynamics can be triggered by converting areas to other uses, such as housing, 

agriculture, pasture, revegetation, implementation of new projects, new areas of 

environmental protection or even with adverse events, such as fires. 

In these dynamics, it can also happen that areas previously considered occupied or of 

restricted use undergo changes in the type of use and occupation, and become open areas 

suitable for the installation of photovoltaic plants that had not previously been considered 

in a previous classification. 

The use and occupation of land have a dynamic characteristic, with the possibility of 

changes over time and, therefore, it is necessary to review and update the classification of 

areas in the planning phase of projects for photovoltaic plants on the island of Fernando de 

Noronha. In addition, there is a need to consult public and private entities in such areas to 

look into investment plans that impact land use and occupation on the island. 
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6.2.2. Floating Solar Generation  

EPE (2020a) carried out a study on floating solar photovoltaic (FPV) addressing 

technological (potential benefits and challenges), environmental and legal aspects, as well 

as costs. The study was limited to the use of technology in freshwater bodies as it 

understood that there was not enough information to support a discussion on offshore 

solar, but only a few pilot projects around the world. 

Among the main conclusions, the following stand out: the production gains with the 

installation of floating solar in place of a photovoltaic on land are expected, but are not yet 

clearly evidenced in general, since less expressive gains were pointed out in projects in 

Brazil; and the economic viability of floating photovoltaics occurs mainly in regions where 

there is a shortage of land and/or other land uses, and where the cost of land acquisition 

is higher. 

Additionally, the study brought a projection by GTM Research for FPV installations by 

country and region between the years 2016-2022, which estimates annual increments of 

around 1,500 MWp, Figure 21. 

Most of the large FPV facilities are in China, mainly in mining lakes. South Korea and India 

have also invested in this type of application.  

 

In Brazil, for example, we have a FPV in the reservoir of HPP Sobradinho, in Bahia, an FPV 

in the reservoir of HPP Porto Primavera (SP), one installed in the lake of HPP Balbina, and 

a pilot project at HPP Belo Monte, among other FPV facilities.  

Figure 21- Forecast of FVF facilities per country and region, 2016-2022. Source: EPE 

(2020a) 
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As for the application of offshore photovoltaics, the DNV study (2020) on energy 

perspectives in the North Sea indicates that floating photovoltaics is a complementary 

technology to offshore wind from a spatial point of view. The photovoltaic panels can be 

installed among the wind turbine towers, using space more efficiently, and can share the 

infrastructure of the power grid of offshore wind farms. 

According to the document, in 2020, Oceans of Energy, in a partnership with Dutch 

companies, installed the first offshore solar plant with an installed capacity of 50 kW 15 km 

off the coast of Scheveningen, in the Netherlands. The leveled cost of energy (LCOE) of the 

offshore photovoltaic project was 354 EUR/MWh. 

PDE 2050 (EPE) provides data on the potential of energy resources in Brazil and estimates 

that offshore solar PV (area with an irradiation range from 6.5 to 6.8 kWh/m².day) 

represents 183,620 million toe over the entire period up to 2050. The study also considers 

that this is one of the renewable resources with the greatest use challenges in terms of 

accessibility, economy, technological issues, etc., for the timeframe of 2050. 

It should be noted that Fernando de Noronha can be a favorable location for this application 

of offshore photovoltaics, considering that land use is competitive on the island and that 

this is a favorable point for the implementation of a FPV, from an economic point of view. 

However, as it is a tourist site and a conservation unit, other factors must be taken into 

account, not just economic feasibility. 

 

6.2.3. Construction Time and Local Measurement 

The implementation of photovoltaic projects is considered an advantage of that source, due 

to the speed of construction. The projects registered for energy auctions in the national 

main grid, for example, point out that the construction time for PVs varies between 6 and 

24 months, and most taken around 12 months for implementation.  

The studies for the Boa Vista - RR auction (EPE, 2017a and EPE, 2017b) indicated a 12-

month period for construction, waiving the need to measure irradiation on site. It is 

understood that the same can be applied to the case of Fernando de Noronha. 

 

6.2.4. Difficulties in Harnessing Potential 

As discussed earlier, the use of the island's area is quite restricted, whether for 

environmental reasons, tourism or other uses. Thus, the construction of a plant on the 
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ground, which at first is the option with the lowest costs, would depend on the availability 

of an area for that purpose. The use of rooftops would eliminate the need for ground space, 

but would incur in lower capacity factors, as the modules are fixed and not always in the 

ideal orientation, and the costs are higher, due to the smaller size of the systems. Thus, 

the offshore photovoltaic solar system seems to have potential for the energy supply of 

Fernando de Noronha, and for that, economic and environmental issues must be considered 

for its feasibility. 

In terms of the business model, one can consider both micro and mini distributed generation 

and the energy compensation system, as well as more innovative arrangements such as 

virtual plants or even the use of rooftops by the distribution company or an IPP. In the first 

case, the decision for the installation is up to the consumers, which can limit the use on a 

larger scale. Despite the favorable estimates for this model, calculated by EPE22, in the case 

of Fernando de Noronha, the ICMS tax exemption on electricity tends to make this 

investment less attractive for the consumer. For the second case, it would also be necessary 

to create a model for the assignment of rooftops, possibly including a counterpart for the 

consumer, leading to an additional increase in the cost of generation. 

 

6.2.5. Actions and Conclusions 

The deployment of a photovoltaic source on the island is potentially feasible, considering 

the good irradiation in Noronha, and the ease and time of construction of this type of 

technology, which is already quite widespread. The initial mapping of possible areas 

indicated for the construction of PV and the estimation of the potential in open areas and 

on roofs indicate that this source could have an important contribution to the generation of 

energy on the island.  

It is worth highlighting the need to assess points such as: business model for assignment 

on roofs, legal analysis on the use and occupation of the land according to current legislation 

and the Master Plan of the island in order to enable auctions for contracting photovoltaic 

projects, and check if are there projects to be implemented in the areas already mapped, 

among others. 

                                                 
22 Notebook on Distributed Micro and Minigeneration & Batteries, available at: 

https://www.epe.gov.br/pt/publicacoes-dados-abertos/publicacoes/plano-decenal-de-expansao-de-
energia-2031. Access on October 25, 2021. 

https://www.epe.gov.br/pt/publicacoes-dados-abertos/publicacoes/plano-decenal-de-expansao-de-energia-2031
https://www.epe.gov.br/pt/publicacoes-dados-abertos/publicacoes/plano-decenal-de-expansao-de-energia-2031
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6.3. WASTE-TO-ENERGY 

The generation of waste in Fernando de Noronha comes basically from tourism activities, 

with most solid waste being sent by boat to Recife, where, after a sorting process, the 

recyclable portion is sent to specialized companies and the rest is sent to a landfill (Guedes 

et al., 2020). On the island, glass is crushed and turned into sand for civil construction and 

the organics undergo a composting process and are transformed into fertilizer.  

Fernando de Noronha has a selective waste collection system, with a separate collection 

schedule for organic and inorganic waste 3 days a week.  Guedes et al. (2020) estimate 

that the average cost for managing solid waste - including urban cleaning, selective 

collection and sending the waste to its final destination - is BRL 750,000 per month, 40% 

of which comes from the environmental protection fee paid by visitors, which is intended 

for this purpose. 

With the enforcement of District Decree No. 02/2018, which aims to reduce the generation 

of waste by restricting the circulation of plastic packaging throughout the island, the volume 

and costs of sending waste to Recife is expected to go down. This decree applies to all 

commercial establishments and activities, see item 2.2.4. 

In the WWF study (2020), one of the assessed alternatives is the use of MSW biogas, as 

using this biogas for energy generation, in addition to the environmental benefits, ensures 

an adequate disposal of waste. According to the study, the use from MSW would be enough 

to generate about 308 MWh/year, which amounts to only 1.5% of the energy consumption 

planned for 2019. 

 

6.3.1. Leveraging Difficulties 

With a waste production of around 2,600 tons23 per year, in 2019 figures, the biogas 

production from organic waste, as seen in the previous item, would not be enough, by 

itself, to meet the total demand of Fernando de Noronha. Likewise, it is understood that 

other energy uses of non-organic waste - through incineration, for example, consisting of 

high-cost projects that require the installation of a gas treatment system - would also not 

be sufficient to meet the island's total demand. 

                                                 
23 Available at: https://g1.globo.com/natureza/desafio-natureza/noticia/2019/01/22/fernando-de-

noronha-lado-b-serie-do-g1-mostra-desafios-do-lixo-no-paraiso.ghtml. Access on November 10, 
2022. 

https://g1.globo.com/natureza/desafio-natureza/noticia/2019/01/22/fernando-de-noronha-lado-b-serie-do-g1-mostra-desafios-do-lixo-no-paraiso.ghtml
https://g1.globo.com/natureza/desafio-natureza/noticia/2019/01/22/fernando-de-noronha-lado-b-serie-do-g1-mostra-desafios-do-lixo-no-paraiso.ghtml
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Another option is generation from biogas produced in the mainland.  For that, a biogas-

producing plant would be required, preferably close to the transshipment area and, in case 

of injection into the grid, the biogas must undergo a purification process so as to meet 

ANP's criteria. This solution would require the implementation of logistics for the shipping 

and storage of biogas in the island, as with Natural Gas, see item 6.5; however, this could 

be a way of reducing the environmental liability produced by waste, thus helping the states 

that produce that biogas to fall under the Brazilian Solid Waste Policy, Law No. 12,305 of 

August 02, 2010. 

According to EPE (2021b), incineration projects have a CAPEX varying from 11,000 to 

29,000 BRL/kW, whereas projects using MSW biogas vary from 16,000 to 41,500 BRL/kW 

for projects located in the US and Western Europe, considering a BRL 5.40/USD exchange 

rate for November 2021, Figure 22. Comparatively, EPE (2021b) shows that natural gas 

projects in Brazil have an average CAPEX of BRL 3,000.00/kW.  

 

 

Figure 22 - Cost of generation of technologies for treatment of MSW. Source EPE (2021b) 

 

It is a fact that, depending on the public policy adopted in the treatment of the archipelago's 

waste, an energy recovery technique may be necessary, despite the associated costs and 

generation capacity. 

 

6.4. BIOMASS and BIOFUELS 

The power generation from biomass is done, mostly, by thermoelectric plants, where the 

biomass is burned in order to heat a fluid and produce steam, which in turn will be 

Region Technology 
CAPEX 

[USDm/MW] 
OPEX 

[USD/MW/year] 
Capacity Factor 

[%] 
LCOE 

[USD/MWh] 

 Incineration 2.00-5.40 90.000-200.000 ~85 50-200 

United States 
Landfill gas 1.54-2.47 90.000-200.000 60-90 45-95 

RSU 2.90-7.70 90.000-200.000 80 80-210 

 Gasification 3.60-6.40 90.000-200.000 80 50-140 

 Incineration 2.00-5.40 90.000-200.000 ~85 50-200 

Western Europe 
Landfill gas 1.54-2.47 90.000-200.000 60-90 45-95 

RSU 2.90-7.70 90.000-200.000 80 80-210 

 Gasification 3.60-6.40 90.000-200.000 80 50-140 

China Landfill gas 1.43-2.22 115.000-266.667 70-90 34-83 

India Incineration 0.83-1.20 27.657-89.885 50-85 65-86 
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responsible for moving a turbine and generating energy. In addition, liquid biofuels can be 

used directly in machines that operate with an Otto or Diesel cycle. 

According to data from the 2017 IBGE Agricultural Census24, farming in the Northeast is 

varied, with an emphasis on sugarcane, soy, corn and cassava. BELTRÃO and OLIVEIRA 

(2007) point out that the climate and soil conditions in the region are also favorable for the 

cultivation of oilseeds, whose oil can be used for energy production. 

Due to environmental restrictions and unavailability of land in Fernando de Noronha, the 

study will not consider the implantation of crops on the island, and the consideration of 

biomass and biofuel for energy generation will take place through the analysis of the 

feasibility of inputs from the mainland to be used in Fernando de Noronha, following the 

route currently used by diesel. It should be noted that these fuels can also be used to 

recharge batteries that can meet the island's demand, as indicated in item 6.9, or for the 

production of hydrogen, item 6.8. 

Thus, it is worth investigating which crops existing in the Northeast region of the country 

are able to supply a sufficient amount of input for the electricity generation in Fernando de 

Noronha. It should be noted that Law No. 16,810/2020 forbids the entry of combustion 

vehicles on the island as of 2022 onwards; because of that, the use of biofuels in the 

automobile fleet will not be assessed. 

About 9% of sugarcane crops are concentrated in the Northeast, which has plantations in 

all states, mainly on Alagoas, Paraíba and Pernambuco that, together, have approximately 

600 thousand hectares in area and 29 million tons/year in production (IBGE, 2017). 

Sugarcane can provide different inputs for power generation, whether by burning its waste 

(bagasse, straw and tips) – in Rankine cycle machines -, by the production of anhydrous 

ethanol - which can be used directly for power generation in engines -, or by using vinasse 

filter cake - a by-product of ethanol production - in biodigesters for the production of biogas. 

Ethanol can also be used as an input for the production of ethylic biodiesel 

Taking into account that sugarcane production and plants for the production of ethanol25 

are present in states where there is a possibility of taking advantage of the current logistics 

for transporting diesel to Fernando de Noronha, the study will look into the amount of 

bagasse and ethanol needed to supply the island in the coming years. Vinasse and filter 

cake will not be considered because, as seen in item 6.3, using the biogas produced on the 

                                                 
24 Available at: https://censos.ibge.gov.br/agro/2017/templates/censo_agro/resultadosagro/index.html. 
Access on November 11, 2021. 
25 Available at: https://www.novacana.com/usinas_brasil/regioes/nordeste. Access on November 11, 2021. 

https://censos.ibge.gov.br/agro/2017/templates/censo_agro/resultadosagro/index.html
https://www.novacana.com/usinas_brasil/regioes/nordeste


 
 

 

 

 

  

 

50 

Fernando de Noronha - Identification of Supply Alternatives - Medium and long term assessment 

mainland for the energy supply of Fernando de Noronha has not proven to be an 

economically feasible option. 

As for biodiesel, soy has a prominent role, since this input accounts for about 70%26 of the 

raw material used for the production of this biofuel in Brazil. The Northeast is responsible 

for about 9% of the country's soy production; however, that is concentrated in the states 

of Bahia, Maranhão and Piauí, which makes fuel transport difficult and increases logistical 

costs, since the production is far from the coast of Pernambuco, from where the vessel 

responsible for transporting fuel, currently diesel fuel, departs for Fernando de Noronha. 

In the Northeast, the production of oilseeds such as peanuts, palm oil, castor beans, 

babassu and buriti stands out, all with potential for the production of biodiesel. 

Not only can inputs be obtained from agriculture for the production of biodiesel. Livestock 

can provide animal fat, which can also be used as an input for the production of biodiesel. 

In Brazil, beef tallow is the second most used raw material for that purpose. 

Northeastern poultry, cattle and pork farming account for 10% to 13% of the national 

capacity, with animal raising in all states totaling 141 million chickens, 21 million cattle 

heads and 4 million pork heads. It is important to highlight that biodiesel must meet the 

quality specifications established in ANP Resolution No. 798/2019. 

Another source of input for the production of biodiesel is the residual frying oil, whose 

potential is still little explored in Brazil. The lack of recycling campaigns and public 

awareness about the correct disposal of oil used in food preparation, especially in homes 

and businesses, contributes to the almost non-existent perception of the numerous 

environmental, economic and social benefits from the reuse of this waste. Because it does 

not have water solubility, the oil that is usually dumped directly into the sink drain, or 

incorrectly disposed of in the common garbage, causes the death of aquatic fauna, 

contamination of the soil and the water table, in addition to causing losses with clogging of 

sewage pipes and worsening of floods (AESBE, 2021). 

The current biodiesel market prioritizes the processing of natural vegetable oils for large-

scale production. Residual oils from frying foods, considered to be raw material with low 

added value, are not used to their full potential. In 2020, Brazil produced 6.4 billion liters 

of biodiesel, with frying oil accounting for only 1.2% of the total produced (ABIOVE, 2021). 

Therefore, a better assessment of the potential of this resource for power generation in 

Fernando de Noronha is appropriate. 

                                                 
26 Available at: https://www.biodieselbr.com/noticias/materia-prima/uso/soja-teve-maior-participacao-na-

matriz-do-biodiesel-em-tres-anos-e-meio-020620. Access on November 11, 2021. 

https://www.biodieselbr.com/noticias/materia-prima/uso/soja-teve-maior-participacao-na-matriz-do-biodiesel-em-tres-anos-e-meio-020620
https://www.biodieselbr.com/noticias/materia-prima/uso/soja-teve-maior-participacao-na-matriz-do-biodiesel-em-tres-anos-e-meio-020620
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Another option is the generation from synthetic biofuels, including thermochemical 

conversion of biomass followed by Fischer-Tropsch synthesis. The process can occur either 

through pyrolysis (thermal decomposition of biomass in the absence of oxygen) or through 

gasification (partial oxidation of solid carbonaceous material in an oxygen-limited 

environment) resulting in synthesis gas27.  However, according to IRENA (2021), this is an 

expensive process that will take some time to have its costs reduced, so this study will not 

delve into this technology. 

Finally, the potential of algae as raw materials for obtaining biodiesel is on record, largely 

due to its high production characteristics in small areas, without requiring the use of fertile 

soils. However, the use of this biomass poses important challenges for its large-scale use, 

such as the need for technological development and identification of the most productive 

species; the high cost related to the use of microalgae in the production of biodiesel; and 

artificial ecosystems must be designed and sustained, requiring significant amounts of 

electricity, water and nutrients to produce adequate biomass (MOSHOOD et al., 2021). 

Thus, considering the current state of the art, biofuel made from algae will not be assessed 

in this study as a substitute for diesel fuel on the island of Fernando de Noronha. 

Next, the maximum amount of sugarcane biomass, anhydrous ethanol and biodiesel 

required for power generation in Fernando de Noronha in the coming years will be assessed. 

6.4.1. Fuel Quantity Estimate 

Considering the forecast of energy needed to supply Fernando de Noronha for the coming 

years, presented by the distribution company for the period 2022 to 2031, item 4, it is 

possible to estimate the amount of fuel that is needed for power generation in Fernando 

de Noronha. 

6.4.1.1. Sugarcane Biomass 

Based on data from the projects registered for the Energy Auctions, it was ascertained that 

plants that use sugarcane bagasse consume an average of 7.4 tons of bagasse for each 

MWh generated, which requires 270 thousand tons of bagasse to supply the 36,350 MWh 

expected for the island by 2031, or 10.4 thousand tons, on average, to be shipped every 

15 days. 

                                                 
27 Available at: https://pantheon.ufrj.br/bitstream/11422/7968/3/876164.pdf. Access on November 
11, 2021. 

https://pantheon.ufrj.br/bitstream/11422/7968/3/876164.pdf
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According to IBGE data (2017), sugarcane cultivation in the Northeast has a yield of around 

50 tons/hectare, which requires a planted area of 5,400 hectares to meet the demand in 

2031, less than 1% of the current sugarcane plantation in the Northeast. 

From the point of view of availability of the resource, sugarcane bagasse is a viable source 

for power generation, since it is already produced in the Northeast, in places that would 

facilitate access to the shipment system for sending the fuel to the island. However, 

according to SILVA and MORAIS (2008), sugarcane bagasse density varies from 1,000 to 

1,400 kg/m³, depending on humidity and compaction. Considering an average density of 

1,200 kg/m³ for the bagasse to be shipped to Fernando de Noronha, a volume greater than 

225,000 m³ is calculated, equivalent to 120 Olympic swimming pools per year; or 9,000 m³ 

- which is equivalent to transporting 122 40-foot containers - every 15 days. 

From the point of view of the bagasse shipment volume to be considered, as well as the 

difficulty of storing this input on the island to ensure energy supply between two 

consecutive supplies, sugarcane bagasse will not be considered a feasible resource for 

electricity generation in Fernando de Noronha; it should be noted, however, that this figure 

may be lowered, if more efficient machines are used. It is also important to highlight that 

the mixture of straw and nose reduces generation efficiency, increasing the amount of fuel 

needed. 

Therefore, the idea of shipping liquid biofuels to supply Fernando de Noronha makes more 

sense than sending biomass to the island. 

 

6.4.1.2. Sugarcane Ethanol 

Considering the heat value of the fuel and the efficiency of the machines used to generate 

energy, it is estimated that 425 liters of anhydrous ethanol are needed for each MWh, 

resulting in 15.5 million liters of ethanol to supply the island in 2031, against 10.5 million 

liters that would be needed for generation with diesel fuel. Considering that, from 1 ton of 

cane, it is possible to obtain 85 liters of ethanol, for 2031, 181.7 thousand tons of sugarcane 

are needed, which is equivalent to 3,600 hectares of planted area. 

From the point of view of raw material, it is feasible to consider ethanol to serve Fernando 

de Noronha, and it should be noted that the greater volume to be transported, in relation 

to diesel fuel, will increase the amount to be spent with freight. In addition, special attention 

must be paid to safety issues, since ethanol is flammable, which will require changes in the 

rules for shipping, handling and storing the fuel. 
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6.4.1.3. Biodiesel 

6.4.1.3.1. Frying Oil 

According to the Brazilian Association of Vegetable Oil Industries – ABIOVE, Brazil produces 

approximately 9 billion liters of vegetable oils per year, of which 1/3 is destined to edible 

oils. Of this sample, only 6.5 million liters of oil are collected for recycling, less than 1% of 

production. 

In recent years, the rise of cooking oil recycling cooperatives has provided greater reuse of 

this waste, generally with the support of institutions and city halls in medium- and large-

size cities in the country. These actions, although important, have proved to be incipient, 

despite the wide range of economic opportunities made possible by the reuse of oil, such 

as the production of soap, paints, detergents, animal feed, biofuel, and others.  

Currently, the oil collected in Fernando de Noronha is removed from the island and shipped 

to the mainland. The proposal to transform frying oil into biodiesel on the mainland to 

supply the island's energy demand aims at implementing a sustainable alternative to fossil 

diesel and, at the same time, add economic and social benefits to the process. The use of 

this renewable source, which is much friendlier to the environment, will bring benefits such 

as reduced emissions of polluting gases and less dependence on the use of fossil fuels, in 

addition to creating jobs and income. 

To make the use of this source feasible, the oil must be collected, shipped to a station 

where, after treatment, the biodiesel will be produced. For logistical reasons, priority should 

be given to setting up cooperatives for collection in the metropolitan region of Recife, the 

city from which shipments of ready-to-use biodiesel on the island will depart. 

Although residual frying oil has a low commercial price, in 2019, in the City of São Paulo it 

could be purchased from R$ 0.40 to R$ 1.80 per liter28, depending on the region, the need 

for pre-treatment to reduce the impurity content creates additional processing costs. After 

this step, the preparation of biodiesel is carried out mainly by transesterification, which 

consumes mainly ethanol and electricity. Each liter of reused cooking oil is capable of 

generating approximately 980 ml of biodiesel via the methyl route29. Some studies 

(CHRISTOFF, 2006 and PERASSI et al., 2017) indicate a yield between 80 and 85% through 

the ethylic route. Despite the lower yield, it is important that the transesterification step 

                                                 
28 Available at: https://www.reciclasampa.com.br/artigo/oleo-de-cozinha-usado-pode-virar-
biocombustivel. Access on November 12, 2021. 
29 Available at https://aprobio.com.br/noticia/brasil-recicla-30-milhoes-de-litros-de-oleo-de-cozinha-

na-producao-de-biodiesel. Access on September 17, 2021. 

https://www.reciclasampa.com.br/artigo/oleo-de-cozinha-usado-pode-virar-biocombustivel
https://www.reciclasampa.com.br/artigo/oleo-de-cozinha-usado-pode-virar-biocombustivel
https://aprobio.com.br/noticia/brasil-recicla-30-milhoes-de-litros-de-oleo-de-cozinha-na-producao-de-biodiesel
https://aprobio.com.br/noticia/brasil-recicla-30-milhoes-de-litros-de-oleo-de-cozinha-na-producao-de-biodiesel
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should take the ethylic route into account, due to the reduced environmental impacts 

compared to the methyl route and the large offer of ethanol in Pernambuco. 

In addition to assessing the costs involved in the four stages of the process, the costs of 

purchasing plant equipment, land acquisition, operation maintenance, and others, must be 

taken into account. In the case of Fernando de Noronha, must be considered the volatility 

in the price of oil sold by cooperatives; the exchange rates, equipment costs, maritime 

freight and the adoption of the ethanol route in the process. 

6.4.1.3.2.  General Biodiesel 

As biodiesel can be produced from different sources, such as soybeans, oilseeds, livestock 

and residual frying oil, the amount of biodiesel needed to supply Fernando de Noronha will 

be estimated considering the 2031 demand, thus assessing the feasibility of its use as fuel 

for electricity generation. 

Considering that 289 liters of biodiesel are needed for each MWh of energy30, this results 

in 10.5 million liters of biodiesel to supply the island in 2031, an amount equivalent to that 

of diesel fuel. 

Regardless of the origin from which the biodiesel is produced, it is considered feasible to 

be assessed as fuel to serve Fernando de Noronha, and the same shipment and storage 

logistics currently used for diesel fuel can be assumed. 

It is important to highlight that, for both ethanol and biodiesel, it is possible to take 

advantage of the structure of the plant already in place on the island. 

 

6.5. NATURAL GAS 

Although endowed with renewable energy resources such as wind and photovoltaic, 

Fernando de Noronha continues to depend on diesel power generation systems, which are 

expensive and polluting. As it is a Natural Heritage, with strong environmental restrictions, 

both on the island and in its surroundings, it represents a challenge for the wide use of its 

renewable potential for power generation. 

Given this reality, the shipment of natural gas in its liquefied form (LNG) must be seen as 

an alternative for energy supply and safety for Fernando de Noronha. With LNG, there is 

                                                 
30 See ANEEL Resolution No. 801/2017. Available at: < 
http://www2.aneel.gov.br/cedoc/aren2017801_2.pdf>. Access on November 26, 2021. 

http://www2.aneel.gov.br/cedoc/aren2017801_2.pdf
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the possibility of fully meeting the island's demand or, alternatively, acting as a complement 

to local renewable sources.  

In the current context of combating global warming, added to the commitments taken on 

by Brazil in the Paris Agreement, it is believed that the next decades will pose as challenging 

for the implementation of joint actions for the decarbonization of the national and world 

energy matrix. Therefore, opting for the adoption of electricity generation from natural gas 

instead of burning diesel should not be interpreted as a contradiction.  

In fact, the proposal to replace diesel with natural gas will make it possible to add benefits 

to the insular energy system. Despite being a fossil fuel, natural gas is a less polluting 

combustion hydrocarbon from which certain impurities are removed and whose main 

constituent is methane. Its burning does not produce ash residues or sulfur oxide, which 

makes it different from all other fossil fuels. In addition, it provides greater efficiency, with 

less noise and less odor. Specifically for Fernando de Noronha, the use of natural gas 

instead of diesel fuel will allow for an important reduction in the emission of greenhouse 

gases, in addition to an improvement in air quality.  

6.5.1. Supplying Logistics 

The Fernando de Noronha Archipelago poses major logistical and environmental challenges 

to the implementation of projects that involve the use of natural gas as the main source of 

energy supply on its main island. Activities such as contracting specific vessels for the 

shipment of LNG from the mainland, decision to build an onshore or anchored regasification 

terminal, the need to modernize the local port structure, the implantation of a network of 

gas pipelines, in addition to the construction of a new plant or conversion of the existing 

plant, characterize a long sequence of obstacles to be overcome, always without prejudice 

to the balance between economic feasibility and compliance with the rigors of current 

environmental legislation. 

The LNG chain, from the gas reservoir to the final consumer, briefly comprises the following 

steps: natural gas production, liquefaction (transformation into LNG), maritime shipment to 

the buyer, storage, regasification, distribution and use of gas by final costumer.  

To supply Fernando de Noronha, the process begins with the purchase of gas already in its 

liquid phase, observing the volatility of prices in the international market. Shipping fuel from 

the LNG terminal at Porto do Pecém, in the metropolitan region of Fortaleza-CE is being 

considered; that is the closest port to have an operating LNG terminal, and so is able to 

meet the demands of the island in the short term. The distance between Pecém Port and 
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Santo Antônio Port, in Vila dos Remédios, is approximately 710 km, equivalent to 383 

nautical miles.  

LNG shipment vessels (methane carriers) form the link in the chain between the natural 

gas liquefaction terminal and the place of consumption. In general, their carrying capacity 

varies from 1,000 m³ to 267,000 m³, but most modern ships carry between 125,000 and 

175,000 m³ of LNG, and are capable of reaching speeds of up to 21 knots in open water 

(GIIGNL, 2019), or around of 39 km/h. The physical properties of LNG allow shipment to 

be carried out by ships over long distances, as there is a 600-times reduction in the volume 

of gas to be shipped (IGU, 2021).  

For 2031 a demand of around 36,000 MWh is expected, item 4, with consumption of 7.5 

million liters of diesel fuel, equivalent to 8.1 million m³ of natural gas, approximately 13.5 

thousand m³ of LNG/year, or 1,125 m³ of LNG/year. In this case, a smaller, fully loaded 

methane vessel would be able to supply enough fuel to meet the island's monthly demand. 

6.5.2. Regasification 

According to the local characteristics, taking into account the spatial and environmental 

limitations of the island, the docking of the LNG-loaded vessel may occur under two 

conditions: with onshore regasification or in a floating storage and regasification unit 

(FSRU). 

6.5.2.1. Onshore Regasification  

The time needed for implementing an onshore regasification terminal varies from 3 to 5 

years, from project design to the construction of the cryogenic storage tanks (-163 °C), the 

most critical stage of the work. From the terminal, the gas can be shipped in trucks to the 

plant, located about 5 km from the port. As an alternative to this process, the 

implementation of a gas pipeline connecting the terminal to the thermoelectric plant would 

avoid the traffic of trucks, in addition to the costs, impacts and inconveniences inherent to 

this kind of transportation. In order to gain scale, the expansion of this network should be 

considered, in order to meet residential and commercial demands such as cooking and 

heating water.  

6.5.2.2. Regasification in Floating Terminal 

Floating Storage and Regasification Units (FSRUs), anchored in the port of Fernando de 

Noronha, seems to be interesting alternatives to onshore generation. Among the 

advantages, we highlight the reduction of initial costs, due to the rental of the FSRU 
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structure, in addition to the speed in building the terminal and its possible relocation when 

and if necessary. Essentially, it corresponds to a floating terminal, anchored close to the 

port, with simultaneous storage and regasification capacity, depending on the variation in 

demand for the fuel. This is the ship-to-ship configuration, in which the methane vessel 

transfers the LNG directly to the terminal.  

Thus, concurrently with the design of the regasification and gas shipment process, it will 

be essential to define the role of the diesel-powered Tubarão thermoelectric plant, which 

currently meets 90% of the island's electricity demand. Among the alternatives is the 

adaptation of the plant to use natural gas or construction of a modern power plant. 

6.6. NUCLEAR ENERGY 

When assessing the alternative supply by a nuclear source, the first fact to be observed is 

that commercially-available nuclear reactors, in the current world stage of technological 

development, have a power scale (around 1 GW) that is substantially greater than the 

demand of the Fernando de Noronha power system. This power scale would represent not 

only an incompatibility from the technical point of view of the power system, but also an 

obstacle for the location of the plant, since the potentially affected area, when considering 

the risk of a nuclear accident, tends to be significant for large reactors. 

On the other hand, there are alternatives for smaller scale nuclear reactors, although 

generally with a lower level of technological maturity. Many of these small-scale reactor 

technologies are often classified within a broader concept called "small modular reactor" or 

"SMR". In order to better characterize this concept, it is worth noting that there is a certain 

consensus that, to be classified as SMR, a given reactor must have (power) capacity of up 

to 300 MW. Another aspect that characterizes this concept of a reactor is its design, 

standardized and conceived for factory assembly (this characteristic is associated with the 

word "modular"). 

As mentioned, SMR must be understood as a concept, not encompassing, therefore, a single 

technology, but a set of nuclear fission reactor technologies with significant technological 

diversity. In fact, the International Atomic Energy Agency (IAEA), in its database called 

Advanced Reactors Information System (ARIS) (IAEA, 2020), demonstrates that there are 

currently more than 70 SMR projects under development in the world. However, when 

considering, among these projects, only a subset that is compatible with the demand of the 

Fernando de Noronha power system, restricting the power capacity, for example, to 5 MW, 

it appears that the number of alternatives becomes much smaller. This subset includes, for 

example, the North American projects AURORA, from OKLO (with 1.5 MWe), eVinci, from 

Westinghouse (with 2.0-3.5 MWe) and MMR, from Ultra Safe Nuclear Corporation (with ~5 
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MWe). However, such projects are not advanced in terms of technological maturity, offering 

uncertainties related to their future commercial availability. 

More generally, in relation to alternatives for the expansion of the Brazilian power 

generation fleet, the National Energy Plan 2050 (PNE 2050) estimates that new nuclear 

power plant projects in Brazil may be based on SMR technologies. However, the PNE 2050 

estimates this possibility as also subject to the condition that these technologies reach 

competitiveness and technological maturity. 

A potentially interesting edge of some SMR projects compared to conventional nuclear 

power plants, depending on the application, is related to the smaller area for the installation 

of the plant, as well as the potentially-affected area around the reactor when considering 

the risk of a nuclear accident. For illustrative purposes, in relation to the aforementioned 

North American projects, the IAEA ARIS database presents the following area to be adopted 

by the plant: 4,180 m² (AURORA), <4,000 m² (eVinci), and 12,480 m² (MMR). 

For cases where the area represents a critical aspect of the project, it is worth noting that 

the solution for a floating nuclear power plant, which is not being considered in this study, 

may represent some favorable characteristics in the future. Although there is evidence that 

it could be technically feasible for power systems the size of Fernando de Noronha, since 

the KLT-40S nuclear reactor, developed by Russian company Rosatom with a floating 

configuration, is already in operation, such a solution is not being considered at this point, 

due to the more limited experience with floating plants worldwide, which implies less 

historical data and greater uncertainties about the feasibility of the solution for Brazil, 

including from a legal and regulatory point of view. Additionally, it is worth noting that none 

of the projects with floating configuration currently registered in the IAEA ARIS database 

have power capacity within the range of up to 5 MW. 

In short, for the demand level of the Fernando de Noronha power system, the existing 

alternatives in the case of the nuclear source would be represented by a small subset of 

SMR projects being developed in the world. Such alternatives, in addition to not being 

commercially available, would still have great uncertainties in terms of costs and risks 

associated with the implementation of the project, mainly due to the low level of 

technological maturity, but also due to environmental, legal and regulatory issues that have 

not yet been fully clarified for the case of SMRs. Therefore, the consideration of the nuclear 

source for the Fernando de Noronha power system is not justified within its current stage 

of technological development. 
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6.7.  MARINE RENEWABLE ENERGY 

In addition to the current uses of marine resources, the sea can be a stable and abundant 

source of energy for Brazil, where each stretch of the Brazilian coast has energy potential 

and unique vocations, whose feasibility can be the object of research with a view to 

supplying the national electricity matrix. 

Brazil has a coastline over 7,400 km long, with 60% of the population living up to 200 km 

away from the sea31, favorable conditions for making use of this renewable and clean 

energy supply.   

Ocean Energy comes in different forms: 

 Tidal power - periodic movement of the tides; 

 Wave power - wave oscillation; 

 Ocean Streams - speed of marine currents or tidal flow; 

 Thermocline - from water at different depths; 

 Osmotic - saline difference between fresh and salt water. 

All of those have already proved to be technically viable, with each at a certain stage of 

development. Tidal power has already reached the level of mature technology, making up 

the energy generation matrix, with plants in operation in countries such as Canada, France 

and South Korea32. 

6.7.1. Energy Potential in Fernando de Noronha 

The condition of an island located in the open sea poses opportunities and constraints on 

the process of exploring the energy of the sea. Considering the difficulties in accessing and 

carrying out civil works on the island, as well as shipping equipment, environmental 

restrictions and other associated obstacles, it is worth taking an inventory of the 

technological possibilities and supply of gross energy in that region of the Atlantic Ocean. 

It is necessary that the candidate technologies have energy aptitude and adaptation to the 

socio-environmental and logistical characteristics of the island.  

                                                 
31 Available at: 

https://atlasescolar.ibge.gov.br/images/atlas/mapas_brasil/brasil_distribuicao_populacao.pdf. 
Access on November 16, 2021. 
32 Available at: https://www.eia.gov/energyexplained/hydropower/tidal-power.php. Access on 
November 10, 2021 

https://atlasescolar.ibge.gov.br/images/atlas/mapas_brasil/brasil_distribuicao_populacao.pdf
https://www.eia.gov/energyexplained/hydropower/tidal-power.php
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Due to the need to build a dam, the tidal power technology poses several restrictions due 

to the restrictions on the offboarding of large quantities of material necessary for the civil 

construction of dams, significantly increasing the cost of the energy produced. The energy 

potential is also limited due to the low tidal height variation33, which would require an 

extensive damming area to gain scale - an environmentally unfeasible situation.  

Wave energy (wave power) requires adequate heights and wave periods for its exploitation; 

this generation option also requires devices in the commercial operation stage, which are 

not currently available. Given the absence of commercial-level machines, this technology is 

not considered viable as a medium-term supply for the island. 

As for osmotic energy, no potential is identified, given the inexistence of rivers on the island, 

making it impossible to generate energy from the potential difference between fresh and 

salt water.  

There are, therefore, two possibilities for exploiting marine renewable resources for the 

energy generation on the island: energy from ocean currents and thermocline energy. 

 

6.7.1.1. Ocean Stream Energy 

The map in Figure 23 shows the maritime streams of the Atlantic Ocean that act on the 

Brazilian coast, with emphasis on the Brazil Stream, which occurs in the Fernando de 

Noronha Archipelago. 

 

                                                 
33 Available at: <https://www.marinha.mil.br/chm/tabuas-de-mare>. Access on November 19, 
2021. 

https://www.marinha.mil.br/chm/tabuas-de-mare
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Due to the ease of shipment/installation and, mainly, because it is the technology that 

currently has equipment with a higher degree of technological maturity, with projects and 

equipment already in commercial operation and providing steady energy for some island 

communities and coastal cities in Europe and in North America, like the Orbital Marine and 

PLATT-1 projects, mentioned below, this technology may be one of the feasible alternatives 

for supplying Fernando de Noronha. 

Added to this, it should be taken into account the fact that this technology has been 

developed in conjunction with manufacturers of marine propulsion equipment (propellers 

and bow thrusters) that have extensive experience in hydrodynamics and in the 

construction of very robust machines, with useful life attested from 30 to 50 years of 

durability, widely proven as being used in transatlantic passenger ships, freighters and 

coastal vessels of various applications. 

In addition to these characteristics, these equipment can be towed to the installation site 

and anchored, like any vessel that is anchored in the vicinity of Fernando de Noronha, 

without causing major environmental impacts, nor requiring onshore or offshore civil works 

or complex electromechanical assemblies that required cranes and other cargo handling 

equipment, or even the construction of piers and other works around the island. 

Figure 23 - Marine stream map. 
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6.7.1.1.1. Resource Assessment 

The Oceanographic Model34 made available by the Brazilian Navy, Figure 24, displays the 

marine current velocities at different depths. For the region of Fernando de Noronha, we 

find that the current velocity - from the surface to a depth of 250 meters - varies from 0.5 

to 1.5 m/s, within the range of use of hydrokinetic equipment.  

   

6.7.1.1.2. Projects in Operation 

To leverage this resource, two projects stand out, having been built in island regions that 

are in operation and interconnected to the power grid in these locations, namely: 

 Orbital Marine Project – Installed in Fall of Warness, Scotland. It has two 1MW 

turbines.  

 PLATT 1 Project - Installed in Bay of Fundy's, Nova Scotia - Canada, it is an integral 

part of the Fundy Ocean Research Center for Energy (FORCE) and has an installed 

capacity of 1.26MW; it should be interconnected to the grid soon. 

Despite being a feasible technology from a technical point of view, with projects installed 

in some parts of the world, the consideration of energy from ocean currents for power 

                                                 
34 Available at: https://www.marinha.mil.br/chm/views-dados-do-smm-modelo-de-

oceanografico?field_area_mod_hycom_value=LESTE&field_produtos_mod_hycom_value=Corrente
+%C3%A0+Superf%C3%ADcie. Access on November 16, 2021. 

Figure 24 - Stream speeds at sea surface. Source: Brazilian Navy Hydrography 

Center (CHM) - 2020 

HYCOM/CHM/REMO Model - Stream Speed at Sea Surface (m/s)  
Ref:00Z31 AGO2021 (TER) +PROG72h/Val:0OZ03SET2021 

https://www.marinha.mil.br/chm/views-dados-do-smm-modelo-de-oceanografico?field_area_mod_hycom_value=LESTE&field_produtos_mod_hycom_value=Corrente+à+Superfície
https://www.marinha.mil.br/chm/views-dados-do-smm-modelo-de-oceanografico?field_area_mod_hycom_value=LESTE&field_produtos_mod_hycom_value=Corrente+à+Superfície
https://www.marinha.mil.br/chm/views-dados-do-smm-modelo-de-oceanografico?field_area_mod_hycom_value=LESTE&field_produtos_mod_hycom_value=Corrente+à+Superfície
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generation in Fernando de Noronha, still requires further study of the potential of this 

resource for the island and assessing their environmental impact; such measures aim at 

reducing uncertainties regarding the use of this resource. In addition, the absence of 

projects of this type in Brazil increases the uncertainty about considering them. 

 

6.7.1.2. Marine Thermal Energy (Thermocline) 

Thermocline energy occurs via the use of water at different temperatures and at different 

depths to produce energy. The thermal gradient energy availability charts indicate the 

existence of potential for this type of generation in Fernando de Noronha, Figure 25. 

 

Thermocline plants35 with approximately 105 kW of installed capacity each generate energy 

in Hawaii - USA, and in Okinawa - Japan. The fact that they operate insularly shows the 

source's vocation for this kind of geographical location. 

An important requirement to ensure the use of this resource is the existence, close to the 

coast, of water at such depth as to guarantee a temperature difference of at least 20ºC 

from the surface water. Usually, this gradient can be found at depths of 1000 m; it is 

estimated that, for Fernando de Noronha, this depth occurs 4 km off the island. 

                                                 
35  For the US, see https://www.makai.com/  and for Japan, see http://otecokinawa.com/en/. Access 
on November 16, 2021. 

Figure 25 - Temperature difference (°C) between 20m and 1000m.  
Source: HUCKERBY et al (2016) 

https://www.makai.com/
http://otecokinawa.com/en/
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The installation of a plant of this type can bring additional benefits, such as obtaining chilled 

and desalinated water, which after proper treatment can be used for local supply and for 

refrigeration. 

Based on temperature data at different depths made available by the American National 

Oceanic and Atmospheric Administration (NOOA), ALMEIDA (2019) estimates the potential 

for thermocline generation in latitudes close to that of Fernando de Noronha, where, having 

assumed a similar thermal-oceanic behavior, the suitability of this generation for the region 

is verified. The author also estimated that the energy generation potential considering the 

intake of cold water of 5 m³/s and hot water of 10 to 20 m³/s varies from 3.7 MW to 5.2 

MW. 

Despite the indication of potential for considering thermocline generation in Fernando de 

Noronha, considering this resource for energy generation on the island requires a detailed 

study of its potential, in order to reduce uncertainties for its use. 

 

6.8. HYDROGEN 

Considering the various initiatives in progress at both a domestic36 and a global level related 

to the production and use of hydrogen, it is worth considering it as a potential energy input 

or energy storage carrier. 

Regarding the production of hydrogen, EPE37 mapped different technological routes, for 

Fernando de Noronha it is considered that production could take place both on the island 

and on the mainland. However, the resources for production are more widely available on 

the mainland, in the Northeast region (e.g., renewable generation, natural gas, energy from 

national main grid, etc.), whether by water electrolysis, steam reforming or another 

process. Logistical challenges must be taken into account, especially shipment in the form 

of hydrogen or ammonia, for example. 

If local production is chosen, it would be necessary to further increase the power generation 

or even take the inputs to the island. Also in relation to local production, it is necessary to 

                                                 
36 See “Diretrizes para o Programa Nacional do Hidrogênio (Guidelines for the National Hydrogen 
Program) (PNH2)”. Available at: https://bit.ly/diretrizesPNH2. Access on November 12, 2021. 
37 See the report “Baseline to support the Brazilian Hydrogen Strategy”. Available at: 
https://bit.ly/H2-EPE. Access on November 12, 2021.  

https://bit.ly/diretrizesPNH2
https://bit.ly/H2-EPE
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use water to produce hydrogen by electrolysis; therefore, the existing desalination system 

may require a greater expansion than what is currently planned. 

As for the use of hydrogen to produce electricity, it can be used as fuel for thermoelectric 

generation or through fuel cells. For the first case, there are examples of pilot plants in 

operation38; in the case of fuel cells, there are several examples of small-scale projects, 

including on islands39, but projects in MW scale are less common. 

When considering the shipment of hydrogen from the mainland for the power generation 

in Fernando de Noronha, special care must be given to safety, both in transport and in 

handling and storing the fuel. Depending on the scale, surplus hydrogen production on the 

mainland can be exported to supply the international market. 

It is important to highlight that the use of hydrogen as fuel causes NOx emissions. 

In any case, in addition to the investment costs related to the power generation equipment, 

the still high cost of hydrogen production stands out, but it may prove attractive when 

compared to the current cost of diesel fuel. As an example, in the EPE’s aforementioned 

study, the estimated costs range from 1.5 to 4.5 US$/kg, depending on the technological 

route, which could be reduced to a level of 1.0 US$/kg by 2050. 

In addition to the cost, the need for specialized labor is another factor that reduces the 

attractiveness of this technology for supplying Fernando de Noronha in the coming years.  

It is noteworthy that if fuel cell electric vehicles were considered (see section 2.2.3), we 

could have synergies, scale gains and cost reductions. 

 

6.9. STORAGE SYSTEM 

Storage systems, although they are net energy consumers, can provide different services 

to the power system, such as allowing a greater share of non-controllable renewables, 

providing ramping, supplying the peak load, providing ancillary services, allowing the active 

management of demand, and other services. 

                                                 
38 See https://www.ge.com/gas-power/future-of-energy/hydrogen-fueled-gas-
turbines?utm_campaign=h2&utm_medium=cpc&utm_source=google&utm_content=rsa&utm_ter

m=Hydrogen%20power%20generation&gclid=Cj0KCQjw7MGJBhD-
ARIsAMZ0eesn0K_W9JRMUEffEH_KbQ_Wi4kBchqMahlvHuPxTQderSztNKAd-j4aAnUaEALw_wcB. 

Access on November 12, 2021. 
39 https://youtu.be/8UmsfXWzvEA. Access on November 12, 2021. 

https://www.ge.com/gas-power/future-of-energy/hydrogen-fueled-gas-turbines?utm_campaign=h2&utm_medium=cpc&utm_source=google&utm_content=rsa&utm_term=Hydrogen%20power%20generation&gclid=Cj0KCQjw7MGJBhD-ARIsAMZ0eesn0K_W9JRMUEffEH_KbQ_Wi4kBchqMahlvHuPxTQderSztNKAd-j4aAnUaEALw_wcB
https://www.ge.com/gas-power/future-of-energy/hydrogen-fueled-gas-turbines?utm_campaign=h2&utm_medium=cpc&utm_source=google&utm_content=rsa&utm_term=Hydrogen%20power%20generation&gclid=Cj0KCQjw7MGJBhD-ARIsAMZ0eesn0K_W9JRMUEffEH_KbQ_Wi4kBchqMahlvHuPxTQderSztNKAd-j4aAnUaEALw_wcB
https://www.ge.com/gas-power/future-of-energy/hydrogen-fueled-gas-turbines?utm_campaign=h2&utm_medium=cpc&utm_source=google&utm_content=rsa&utm_term=Hydrogen%20power%20generation&gclid=Cj0KCQjw7MGJBhD-ARIsAMZ0eesn0K_W9JRMUEffEH_KbQ_Wi4kBchqMahlvHuPxTQderSztNKAd-j4aAnUaEALw_wcB
https://www.ge.com/gas-power/future-of-energy/hydrogen-fueled-gas-turbines?utm_campaign=h2&utm_medium=cpc&utm_source=google&utm_content=rsa&utm_term=Hydrogen%20power%20generation&gclid=Cj0KCQjw7MGJBhD-ARIsAMZ0eesn0K_W9JRMUEffEH_KbQ_Wi4kBchqMahlvHuPxTQderSztNKAd-j4aAnUaEALw_wcB
https://youtu.be/8UmsfXWzvEA
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In addition to the versatility of applications, among the advantages of electrochemical 

batteries, high energy density (requires little space) and installation flexibility and 

modularity (customizable systems) stand out. In the case of isolated systems, which have 

less robust electrical systems, it is possible that the benefits are more significant, with 

potential economic feasibility already verified in previous studies. Additionally, there is an 

expectation in the world scenario of an increase in the number of installations and a 

reduction in costs, especially in lithium ion technology (EPE, 2019). 

It is noteworthy that there has already been an initiative to install a storage system in 

Fernando de Noronha, proposed by the distribution company within the scope of ANEEL's 

Research and Development (R&D) Program, more specifically the Call for Strategic R&D 

Project No. 21/2016. The project seeks to install a pilot plant, with two technologies 

(vanadium flow and lithium ion batteries), connected to the substation bus, in an integrated 

operation with diesel generation, aiming to reduce the variation in solar photovoltaic 

generation (NEOENERGIA, 2017). As stated by the distribution company, this storage 

system has a capacity of 560 kW / 1,020 kWh, is in operation and should be maintained 

even after the completion of the R&D project. 

Due to these factors, storage systems should be considered among the alternatives to 

supply Fernando de Noronha. Several applications can be considered: 

Distributed: the so-called “behind the meter” applications consist of installing batteries 

next to consumer units - they can be sized in order to increase the benefits of distributed 

generation and reduce maximum demand, for example - or as part of a virtual power plant. 

The last case still depends on regulation40, but it could be an interesting alternative if 

combined with distributed generation, given the space restrictions on the island. The other 

applications are at the discretion of the consumers and their economic attractiveness was 

assessed by the EPE in one of the PDE 2031 Study Books41; however, the attractiveness of 

this application for Fernando de Noronha tends to be even lower, given the lower tariff due 

to exemption from the ICMS tax. As a result, the study will not consider the use of a storage 

system for distributed generation. 

                                                 
40   See Subsidy Assessment 011/2021. According to Technical Note No. 0076/2021-SRD/ANEEL, 
"in Brazil, there are no pilot projects or regulation on virtual plants". Available at: 

https://www.aneel.gov.br/tomadas-de-
subsidios?p_auth=zF8sdXdh&p_p_id=participacaopublica_WAR_participacaopublicaportlet&p_p_life

cycle=1&p_p_state=normal&p_p_mode=view&p_p_col_id=column-

2&p_p_col_count=1&_participacaopublica_WAR_participacaopublicaportlet_ideParticipacaoPublica
=3563&_participacaopublica_WAR_participacaopublicaportlet_javax.portlet.action=visualizarPartici

pacaoPublica. Access on November 16, 2021. 
41 Caderno de Micro e Minigeração Distribuída & Baterias (Notebook on Distributed Micro and 

Minigeneration & Batteries). Available at: https://www.epe.gov.br/pt/publicacoes-dados-
abertos/publicacoes/plano-decenal-de-expansao-de-energia-2031. Access on November 16, 2021.  

https://www.aneel.gov.br/tomadas-de-subsidios?p_auth=zF8sdXdh&p_p_id=participacaopublica_WAR_participacaopublicaportlet&p_p_lifecycle=1&p_p_state=normal&p_p_mode=view&p_p_col_id=column-2&p_p_col_count=1&_participacaopublica_WAR_participacaopublicaportlet_ideParticipacaoPublica=3563&_participacaopublica_WAR_participacaopublicaportlet_javax.portlet.action=visualizarParticipacaoPublica
https://www.aneel.gov.br/tomadas-de-subsidios?p_auth=zF8sdXdh&p_p_id=participacaopublica_WAR_participacaopublicaportlet&p_p_lifecycle=1&p_p_state=normal&p_p_mode=view&p_p_col_id=column-2&p_p_col_count=1&_participacaopublica_WAR_participacaopublicaportlet_ideParticipacaoPublica=3563&_participacaopublica_WAR_participacaopublicaportlet_javax.portlet.action=visualizarParticipacaoPublica
https://www.aneel.gov.br/tomadas-de-subsidios?p_auth=zF8sdXdh&p_p_id=participacaopublica_WAR_participacaopublicaportlet&p_p_lifecycle=1&p_p_state=normal&p_p_mode=view&p_p_col_id=column-2&p_p_col_count=1&_participacaopublica_WAR_participacaopublicaportlet_ideParticipacaoPublica=3563&_participacaopublica_WAR_participacaopublicaportlet_javax.portlet.action=visualizarParticipacaoPublica
https://www.aneel.gov.br/tomadas-de-subsidios?p_auth=zF8sdXdh&p_p_id=participacaopublica_WAR_participacaopublicaportlet&p_p_lifecycle=1&p_p_state=normal&p_p_mode=view&p_p_col_id=column-2&p_p_col_count=1&_participacaopublica_WAR_participacaopublicaportlet_ideParticipacaoPublica=3563&_participacaopublica_WAR_participacaopublicaportlet_javax.portlet.action=visualizarParticipacaoPublica
https://www.aneel.gov.br/tomadas-de-subsidios?p_auth=zF8sdXdh&p_p_id=participacaopublica_WAR_participacaopublicaportlet&p_p_lifecycle=1&p_p_state=normal&p_p_mode=view&p_p_col_id=column-2&p_p_col_count=1&_participacaopublica_WAR_participacaopublicaportlet_ideParticipacaoPublica=3563&_participacaopublica_WAR_participacaopublicaportlet_javax.portlet.action=visualizarParticipacaoPublica
https://www.aneel.gov.br/tomadas-de-subsidios?p_auth=zF8sdXdh&p_p_id=participacaopublica_WAR_participacaopublicaportlet&p_p_lifecycle=1&p_p_state=normal&p_p_mode=view&p_p_col_id=column-2&p_p_col_count=1&_participacaopublica_WAR_participacaopublicaportlet_ideParticipacaoPublica=3563&_participacaopublica_WAR_participacaopublicaportlet_javax.portlet.action=visualizarParticipacaoPublica
https://www.epe.gov.br/pt/publicacoes-dados-abertos/publicacoes/plano-decenal-de-expansao-de-energia-2031
https://www.epe.gov.br/pt/publicacoes-dados-abertos/publicacoes/plano-decenal-de-expansao-de-energia-2031
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Centralized: installing a larger battery requires space, which does not tend to be a limiting 

factor, given its high energy density. The sizing of the system depends on the composition 

of the matrix and, consequently, on the services required, either to ensure the reliability of 

the supply or to allow for the greater insertion of non-controllable renewable sources, 

which, in this case, can result in lower energy costs, when optimizing the dispatch. The 

“centralized” application will be assessed as a supply option to Fernando de Noronha. 

Mobile: this is a still little-explored application, but it consists in the use of batteries in 

mobile containers that are charged on the mainland with cheaper energy, coming from the 

main grid (SIN) or from a renewable plant, as seen in item 6.4.1.3.1, for example, and 

taken to the island by sea - leveraging the existing logistics for the supply of diesel fuel. 

Thus, containers would be shipped and maintained on vessels, without the need of 

unloading them.  As an advantage, the inverters would remain fixed on the island, while 

the modules would be shipped for charging/recharging, but with the disadvantage of 

requiring oversizing, as one will be in use, while the other(s) is(are) being recharged or 

transported, increasing the cost of the solution. 

As a preliminary exercise, to assess the feasibility of this application, the following can be 

considered: sufficient storage capacity of 1,398 MWh for full supply to the average load in 

2031 over a fifteen-day period (same diesel supply frequency); and that each 40-foot 

container42 is equivalent to 2MWh of energy, thus totaling 820 containers considering a 

85%round trip efficiency), equivalent to 62,400 m³, or 33 Olympic swimming pools every 

15 days. It should be noted that, in periods of greater demand, the amount would be even 

greater. 

Obviously, this is an extremely simplified analysis and merely seeks to point to a possible 

additional application. Due to the large number of containers to be shipped to the island, 

as well as the need to leave the ship berthed near the island, this application will not be 

considered for supplying Fernando de Noronha. 

 

 

 

 

 

                                                 
42  Considered a capacity of 2 MWh for each 40-foot container. See  

http://energetechsolar.com/assets/images/30MWh%20Container%20ESS%20V1.pdf?redirect=1. 
Access on November 16, 2021.  

http://energetechsolar.com/assets/images/30MWh%20Container%20ESS%20V1.pdf?redirect=1
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7. INTERCONNECTION TO THE MAIN GRID (SIN) 

The distribution system currently existing on the island, under a concession from CELPE, 

comprises a 13,800/380 V substation, 3 13.8 kV feeders with approximately 5 km each and 

13.8 kV to 380 /220 V transformer stations to supply consumer units. There is no 

transmission, subtransmission and distribution system with a voltage higher than 13.8 kV 

on the island. The island is supplied by UTE Tubarão, which produces electricity at a voltage 

level of 380 V. 

Aiming at solving issues related to the island's power service, such as improving the quality 

of supply, reducing the generation costs, emission of pollutants and the risk of storing large 

volumes of fuel, the Project for Integrating Fernando de Noronha with the Brazilian 

Mainland (Integrated Noronha) was started, jointly prepared by the Ministries of Science, 

Technology, Innovation and Communications, of Mines and Energy, of Defense, of 

Education, and the National Education and Research Network (RNP), with the support of 

CELPE, COSERN, the Government of Pernambuco, and the Government of Rio Grande do 

Norte. 

According to the report “Projeto Noronha Integrada – Visão Geral – Enfoque Sistema 

Elétrico” (Integrated Noronha Project - Overview - A Focus on the Power System) (RNP, 

2018), the scope of the project was to technically assess the laying of a submarine electric 

power cable for direct current transmission at 60 kV with a capacity of 10 MW of power, 

connecting the island to the National Interconnected System (SIN).  

In this alternative, the application of HVDC technology for energy conversion in both 

terminals was assessed. According to the project, the mainland converter terminal would 

be located on the right bank of the Potengi River, at the headquarters of the Brazilian Marine 

Corps in the city of Natal/RN, and the connection to SIN would be carried out at 69 kV by 

the Natal II substation or, alternatively, at 230 kV by the Extremoz substation.  

The island's converter terminal would be located on Boldró beach, approximately 200m 

from the 13,800/380V substation of UTE Tubarão. The converters would be placed in 

containers with a total area not exceeding 100 m² in each terminal. The proposed direct 

current system would use one conductor cable for the transmission of electrical energy, 

with a ground return, thus simplifying the project and reducing investments. 

It should be noted that the project also included the implementation of fiber optic 

infrastructure for telecommunications and maritime monitoring systems. 

The report highlighted that, in order to implement the project, several difficulties would 

have to be faced. First, the 10 MW HVDC power conversion system is currently unusual. In 
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Brazil and other countries, the HVDC systems in operation were designed to supply large 

amounts of energy with capacities in the order of GWs, which in this case do not apply. In 

this sense, the challenge is to obtain equipment properly sized for unconventional power 

levels at reasonable costs.  

In addition, the cable would cross submarine sections with more than 4,000m deep for a 

great part of the route. This depth is much greater than any existing undersea electrical 

cable installation. For example, there is an interconnection between the Sardinia Island and 

the Italian mainland, which runs through stretches of 1,650 meters in depth, and that is 

the deepest installation in operation today.  

Laying cables at depths of this magnitude would require special measures for cable 

specification and manufacture. Additionally, especially in shallower waters, the extreme sea 

conditions in Fernando de Noronha at certain times of the year would be a challenge both 

for the sizing of the cable and for its safe installation. 

In order to obtain more information about the Integrated Noronha Project and other topics, 

EPE and CELPE met by videoconference on 09/10/2021. In its presentation, CELPE showed 

an assessment, pointing out a series of technical difficulties and regulatory issues for the 

implementation, operation and maintenance of the system, among which the following 

stand out: 

 Low operational safety index of the monopole system with return by sea; 

 Undefined frequency and methodology for checking cables and electrodes; 

 Need for studies on the impact on fauna; 

 Lack of details about corrosion, need for temperature and positive pressure control 

of the converter stations; 

 Voltage variations of 13.8 kV ± 6% and frequency of 60 Hz ± 3%, which are 

incompatible with PRODIST's module 8; 

 The transformers, to be manufactured specifically for the project, are not available 

on the market for replacement and there is a need for a technical provision for 

maintenance; 

 The noise level of the equipment does not comply with state legislation; 

 The cooling system has a life of 5 to 7 years, less than that of other types of 

equipment; 

 Dispatch and remuneration model to be adopted for UTE Tubarão; 
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 Hiring of expert companies for maintenance of the submarine cable and converter 

stations; 

 Licenses, access and maintenance of the cable in the river section; 

 Access to the military area at the headquarters of the Marine Corps Base; 

 Operational agreement between agents and responsibility for the construction of 

the expansion bay; 

 Possibility of synchronization with the island's diesel generation; and  

 Source of investment funds. 

The electrical integration of Fernando de Noronha, whether through the system proposed 

by the Integrated Noronha Project or by any other means, can be defined as an innovative 

solution, since there is no similar system in operation in Brazil. However, there are technical 

difficulties, mainly related to the implementation of the system and the capacity of cables 

and equipment to withstand the environmental conditions under which they will be inserted. 

Thus, it is only possible to ensure the technical feasibility of this solution and its level of 

reliability after carrying out specific designs for these conditions. 

Similarly, measuring the investments needed to implement and maintain a project of this 

size becomes a difficult task in view of the specifics of this connection.  
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8. CONCLUSIONS 

State Law No. 16,810/2020 will result in an increase of the “plug-in” electric vehicle fleet in 

the Fernando de Noronha Archipelago that will use the electricity supplied by UTE Tubarão, 

which uses diesel fuel. 

In addition, during the analysis of the isolated systems planning of 2021, it was verified 

that the replacement of the fleet by “plug-in” electric vehicles will contribute to increase the 

local demand, resulting in the need to expand the existing power generation complex. 

Faced with these issues, EPE analyzed several technologies in order to identify those that 

have technical conditions for the electricity generation on the island in the coming years, in 

total or partial replacement of diesel fuel, without harming the environment, since the 

Archipelago of Fernando de Noronha is a Natural Heritage and needs to be preserved. 

The study identified that wind and solar photovoltaic technologies, especially offshore, are 

the ones that seem most promising due to the availability of resources, but the limited area 

available on the island and environmental issues can pose some difficulties for these 

technologies. 

On the other hand, liquid fuels for power generation in thermoelectric plants can be shipped 

from the mainland to the island, following the same logistics that are used today for diesel 

fuel. Likewise, ethanol and biodiesel seem promising, with an emphasis on biodiesel due to 

the diversity of inputs and technological routes that can be used for its production. 

Similarly to what is observed in other isolated systems, it was also verified that LNG can be 

an alternative to suplly Fernando de Noronha, and for that, issues related to the 

regasification terminal must be considered, in addition to environmental issues. 

In addition, a battery storage system for centralized application also proved to be a feasible 

option, being able to meet the demand flexibly, without requiring a lot of space and with 

low impact; it also can be used in conjunction with renewables with variable generation. 

Finally, several difficulties were identified that hinder the interconnection of the archipelago 

to the main grid (SIN), indicating that, for the next few years, Fernando de Noronha will 

continue to be part of the Isolated Systems.  

In order to quantify the benefits of replacing fossil diesel with the identified alternatives, 

EPE will continue this study. In the next stage, an optimization model will be used to 

simulate energy generation in isolated systems from different supply solutions, in order to 

obtain the most promising configuration for reducing both the generation cost and 

emissions. 
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